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ABSTRACT 
 
 
Evolution of the Lower Cretaceous Chifeng Half-Graben  
 
Basins, Inner Mongolia, China 
 
 
by 
 
 
Scott J. Friedman, Master of Science 
 
Utah State University, 2009 
 
 
Major Professor: Dr. Bradley D. Ritts 
Department: Geology 
 
 
As a result of complex extensional tectonics in northeast China and southern 
portions of Mongolia, some workers have interpreted the Cretaceous Maanshan Uplift 
and associated Chifeng basins as metamorphic core complex.  Previous work has relied 
solely upon kinematic indicators to determine the structural origin of these basins.  To 
fully understand the creation of these basins, the sedimentiological record was analyzed 
in this study.  The early Cretaceous sedimentary fill of these basins was analyzed to 
determine if it is synextensional in nature, and if so what manner of extension was in 
progress during that deposition.       
The Chifeng basins are filled with four distinct facies associations and are floored 
by Late Jurassic and Early Cretaceous volcanics of intermediate and felsic composition.  
The facies associations observed are interpreted as lacustrine/fluvial deposits, alluvial fan 
conglomerates, distal fan deposits with fluvial deposits, and hanging wall derived fluvial 
deposits.  These facies are composed of sediment shed from the footwall and hanging 
iv 
wall of the master faults and volcanic deposits.  Paleocurrent indicators, primarily in the 
form of imbrication, along with clast count data show provenance directly off the 
structure separating the two basins and from the eastern margin of the southeast basin.  
The distribution of facies, as well as paleocurrent data, provenance data, and structural 
geometry, implies that these basins are of half-graben origin and that no sedimentological 
evidence exists of an Early Cretaceous metamorphic core complex near Chifeng.     
(173 pages) 
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INTRODUCTION 
 
 
 The amalgamated North China and Mongolia block experienced broad areas of 
extensional deformation during the late Mesozoic; characterized by both high and low-
magnitude extension, resulting in the development of northeast-southwest trending 
normal faults and their associated basins (Graham et al., 2001; Meng, 2003; Cope, 2003; 
Johnson, 2004; Darby et al., 2004).  An area bounded by Lake Baikal on the north, the 
Dabie Shan on the south, the Yagan Basin on the west and Bohai Bay on the east 
generally defines the region of dominantly Early Cretaceous extension (Figure 1).  The 
region under extension during this time is similar in area to the extensional Basin and 
Range province of western North America (Figure 2).  The timing, style, development 
and mechanisms responsible for this broad extensional regime are debated.  Additional 
description and classification of the faults and basins that define this region during the 
Late Mesozoic are required to reconstruct the regional geologic history and possible 
driving mechanisms.   
 Basins forming under high rates and magnitudes of extension develop into 
supradetachment basins and are related to low-angle detachment faults (Friedmann and 
Burbank, 1995).  During the Early Cretaceous, detachment faults in northeast China and 
southern Mongolia formed in close association with terranes that were dramatically 
shortened during the Jurassic (Davis et al., 1998, 2002; Webb et al., 1999; Graham et al., 
2001 Berry, 2003; Meng, 2003).  In addition to high-strain styles, this region contains 
contemporaneous normal faults and half-graben basins that trend northeast-southwest 
(Graham et al., 2001; Cope, 2003; Meng, 2003; Meng et al., 2003; Johnson, 2004).   
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 As many as 200 of these extensional basins and sub-basins, bounded by northeast-
trending normal faults, developed within this broad area during this time (Graham et al., 
2001).   
The study area for this project is located near the city of Chifeng in the Inner 
Mongolia Autonomous Region, China (Figure 3).  Chifeng is located approximately 150 
km west of the Late Mesozoic Songliao Basin, known for its high oil and gas production.  
The study area, the Maanshan uplift and fringing basins, covers an area of approximately 
7,000 km2 on the northern margin of the Yanshan mountain belt.  The uplift trends 
northeast-southwest and is bounded by parallel basins on the northwest and southeast 
sides, that coalesce northeast of the structure.   
Previous work (Han et al., 2001; Zhang et al., 2002; Wang et al., 2004) describes 
the relationship between the uplift and these basins based on kinematic markers present 
in the footwall of the uplift as sub-horizontal lineations in mylonite. Wang et al. (2004) 
describe the basins and uplift as a metamorphic core complex that developed during the 
Early Cretaceous.  They interpret mylonitic sub-horizontal lineations located in the 
footwall of the basin bounding faults as indicating Early Cretaceous top to the northeast 
high magnitude extension.  Biotite within the mylonite is dated between 125.4 +/- 0.3 Ma 
and 128.7 +/- 0.2 Ma using 40Ar/39Ar analysis. At several locations along the Louzidian 
fault a chloritic breccia zone is present, specifically near the town of Balihan (Wang et 
al., 2004).  Within this zone, strike and dip-parallel lineations are reported (Wang et al., 
2004).  Overprinting the mylonites are dip-slip striae on younger normal faults that  
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Figure 3. Geologic map of the northwest and southeast basins adjacent to the 
Maanshan Uplift. Modified from Wang et al. (2004).  
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overprint the “detachment”, indicating that northwest-southeast extension took place.  
These periods of extension are interpreted to represent a two-stage extensional history of 
a developing metamorphic core complex near Chifeng (Wang et al., 2004).  The first 
stage represents the majority of extension along a master detachment fault, while the later 
faulting is in reaction to doming caused by uplift of the metamorphic core (Wang et al., 
2004).   
In contrast, Han et al. (2001) conclude that the mylonitic zone in the uplifted area 
between these two basins is pre-Cretaceous, related to sinistral strike-slip faulting.  This 
strike-slip phase is interpreted as unrelated to extension except as a zone of crustal 
weakness along which the Early Cretaceous northeast striking normal faults propagated. 
Zhang et al. (2002) report that there are two different sets of mylonitic lineations present 
in the footwall of the bounding faults.  The timing and cause of the oldest set of lineations 
are described as problematic and are discussed little by the authors.  The younger set of 
mylonitic lineations are dated as Early Cretaceous (123+/-3 Ma and 134+/-3 Ma) based 
on 40Ar/39Ar analysis and are argued to be related to sinistral strike-slip faulting (Zhang et 
al., 2002).  Han et al. (2001) and Zhang et al. (2002) document overprinting of mylonitic 
lineations by down-dip striae related to the Late Cretaceous development of the 
Louzidian fault (Zhang et al., 2002). 
The complicated and inconsistent nature of the data and interpretations available 
from these previous structural studies demonstrates the need for additional work using an 
alternate approach.  For this reason, a detailed analysis of the sedimentary basins fringing 
the Maanshan uplift was conducted to provide further information about the Early 
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Cretaceous extensional development of the Chifeng area.  This study will help to define 
lateral variation and basin characteristics over the entire length of this extensional event, 
thus providing a better understanding of the Late Mesozoic tectonic development of Asia.  
The classification between supradetachment and half-graben style deformation can be 
determined using characteristics of basin geometry and fill as described by Friedmann 
and Burbank (1995), Leeder and Gawthorpe (1987), and Gawthorpe and Leeder (2000).  
The practice of differentiating between these two extensional tectonic styles has been 
successful in sedimentary basins worldwide (Berry, 2003; Friedmann and Burbank, 
1995).  Supradetachment basins occur above low-angle detachment faults, which, by 
definition, are associated with high magnitudes of extension (Friedmann and Burbank, 
1995).  The basins above the detachment faults are thin deposits, usually less than 3 km 
in thickness.  Sediment deposited into supradetachment basins are dominated by coarse 
clastics from alluvial fans and slide blocks (Friedmann and Burbank, 1995).  Major 
drainages are perpendicular to the basin bounding fault and deposit coarse sediments in 
the depocenter, located in the center of the basin, distally to the bounding fault 
(Friedmann and Burbank, 1995).  A majority of sediment deposited into the basin is 
derived from the footwall of the fault (Friedmann and Burbank, 1995). 
 The faults that bound half-graben basins are high-angle and have rotated hanging 
walls (Leeder and Gawthorpe, 1987).  Extension below half-graben basins is low-
magnitude and is usually long-lived, from 30 to 40 my (Friedmann and Burbank, 1995).  
Basin fill within half-grabens is dominated by hanging-wall-derived sediment with 
footwall-derived alluvial fan deposits that are deposited proximally to the bounding fault 
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due to high rates of subsidence (Leeder and Gawthorpe, 1987).  The facies packages are 
disbributed asymmetrically across the basin because the highest rates of subsidence are 
located near the bounding fault. (Leeder and Gawthorpe, 1987).  Axial drainages and 
lacustrine deposits are common in half-graben basins, with finer-grained deposits 
dominating, rather than the coarse deposits in supradetachment basins (Friedmann and 
Burbank, 1995).         
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GEOLOGIC SETTING 
 
 
Tectonic History/Assembly of North China 
 
 By the end of the Paleozoic the North China Block and Mongolia terranes were 
amalgamated and acted as a single continental block (Enkin et al., 1992).  Late Triassic 
through Early Jurassic extension was widespread throughout the accreted North China-
Mongolia block (Ritts et al., 2001, 2004; Meng, 2003).  This extension is inferred by both 
widespread synchronous alkali volcanism and documented Late Triassic metamorphic 
core complexes and Early Jurassic rift basins (Davis et al., 2001; Meng, 2003; Ritts et al., 
2004).  
 Crustal shortening took place in the study region during the Middle to Late 
Jurassic.  The most recognized areas of shortening during this time period are the east-
west trending Yinshan-Yanshan (including the Daqing Shan and Lang Shan segments), 
and Beishan mountain belts (Darby et al., 2001; Davis et al., 2001; Cope, 2003; Meng, 
2003).  This shortening was likely in response to the collision of the amalgamated North 
China-Mongolia block and the Siberia block, that took place during the Middle to Late 
Jurassic, with the closing of the Mongol-Okhotsk Ocean (Meng, 2003).  Additionally, the 
initiation of Paleo-Pacific Plate subduction may have been involved according to Enkin et 
al. (1992). 
Although the majority of evidence for shortening is confined to outcrop studies of 
the fold and thrust belts and associated foreland basins, seismic lines interpreted through 
Mesozoic basins such as the Erlian and Yingen basins show shortening denoted by the 
inversion of Early Jurassic basin fill unconformably overlain by Latest Jurassic-Early 
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Cretaceous units (Meng, 2003).  Total displacement on some of the larger thrusts is 
estimated to be up to 40 km, causing a total increase in crustal thickness of at least 60 km 
as described in the Khangai mountain belt of central Mongolia (Meng, 2003).   
 Closely following the termination of shortening in the latest Jurassic, crustal 
extension began throughout this region and continued through the Cretaceous (Webb et 
al., 1999; Davis et al., 2002; Berry, 2003).  The close temporal and spatial relationship 
between shortening and extension suggests gravitational collapse of overthickened crust.  
This immediate response is similar to North American extension associated with the 
cessation of shortening in the Cordilleran fold and thrust belt (Constenius, 1996).  The 
initiation of extension has been best constrained in the Yingen, Erlian, Hailar, East Gobi, 
Hohhot and Songliao basins using voluminous volcanics that compose the basal portions 
of these basins (Davis et al., 2002; Meng, 2003).  40Ar/39Ar dating of the volcanics at the 
base of these basins yields ages from 156 to 145 Ma (Meng, 2003).  The time period of 
greatest subsidence within these basins is Early Cretaceous, constrained by pollen and 
plant fossil assemblages, volcanic rocks bedded within the thickest sedimentary 
accumulations and basin modeling (Graham et al., 2001; Meng, 2003; Meng et al., 2003; 
Johnson, 2004).  At the end of the Early Cretaceous many of these basins were inverted 
and subsequently overlain by a thin accumulation, usually less than 500 m, but as much 
as 1,500 m, of Late Cretaceous sedimentary and volcanic rocks (Graham et al., 2001; 
Meng, 2003; Meng et al., 2003; Johnson, 2004). 
 The basins near Chifeng are currently intact and have been deformed minimally 
since their deposition. Topographically low-lying portions of the basin fill are covered by 
11 
 
up to 10 m of Quaternary loess.  The Early Cretaceous basin fill is exposed only where 
this loess blanket has been incised in gullies and along higher ridges.  Gullies dissect the 
topography at regular intervals perpendicular to the Maanshan uplift along its fringes. 
Farther into the basin, drainages become more irregular as slope topography varies.  
 
Regional Late Mesozoic Extension 
 
Half-graben basins in northeast China and southern Mongolia are documented 
primarily as groups of sub-basins that form a larger region of extension.  These basins 
include the Yagan, East Gobi, Erlian, Hailar and Songliao basins, but also include 
smaller, more isolated, basins such as the northwest and southeast basins near Chifeng, as 
well as the Jianchan and Shanzuizi basins (Cope, 2003).  The bounding faults and uplifts 
associated with these half-grabens trend northeast-southwest with extension direction 
perpendicular to strike.  Structural inheritance from previous thrust and strike-slip events 
could have greatly affected the development of these normal faults (Han et al., 2001; 
Cope, 2003; Meng, 2003).  Depth of basin fill is normally between 1-3 km and no more 
than 5 km, with the exception of the Songliao basin (Graham et al., 2001; Cope, 2003; 
Meng, 2003; Meng et al., 2003).   
Although many of the normal faults in northeast China and southern Mongolia 
exhibit low magnitudes and rates of extension, they often have segments that are low-
angle.  Preexisting thrust and strike-slip fabrics have been suggested as a catalyst for the 
propagation of these parallel, moderate- to low-angle normal faults (Han et al., 2001; 
Cope, 2003; Meng, 2003).  These fabrics could develop along faults such as the Tan Lu, a 
pre-existing major sinistral fault zone that is located approximately 300 km to the east of 
12 
 
the Chifeng area (Han et al., 2001; Cope, 2003; Meng, 2003).  Additionally, these fabrics 
could have developed along compressional faults which were present extensively during 
the Middle to Late Jurassic.  This implies crustal inheritance was a significant factor in 
determining the geometries of normal fault propagation within this region during this 
time.  The Louzidian Fault is an example of a structure possibly affected by crustal 
inheritance.  The fault dips to the southeast at observed angles between 24 and 72 
degrees.  Previous workers report dip angles as low as 10 degrees (Han et al., 2001). 
Metamorphic core complexes are documented in numerous locations in the 
Yinshan-Yanshan mountain belt, including a spectacular and well-documented example 
in the Daqing Shan (Davis, 2002).  High-magnitude extensional features dominantly 
occur within the areas of greatest Middle to Late Jurassic shortening and have been 
attributed to both gravitational collapse and plutonism (Davis et al., 2002; Berry, 2003; 
Cope, 2003).  These regions of gravitational collapse should follow the axis of shortening 
and extend in an opposite direction to the preceding crustal shortening (Rey et al., 2001).   
The Hohhot metamorphic core complex began to develop less than 4 my after the 
cessation of compression in the Daqing Shan (Davis et al., 2002).  This rapid response 
implies that dramatically-overthickened crust collapsed in order to isostatically balance 
due to the decrease in compressional stress.  The presence of plutonism may have caused 
further crustal weakening, creating a zone of weakness and allowing the initiation of 
ductile shearing along a detachment fault at depth (Meng, 2003).  In both the Yagan-
Onch Hayrhan and Yunmeng Shan metamorphic core complexes, granite ages shortly 
predate the formation of the complexes (Davis et al., 2001; Meng, 2003). 
13 
 
PREVIOUS WORK-MAANSHAN UPLIFT 
 
 
 Work previously conducted near Chifeng concentrated primarily on the structural 
characteristics of a broad crystalline structure referred to as the Maanshan uplift (Han et 
al., 2001; Zhang et al., 2002; Wang et al., 2004).  These authors focus on sub-horizontal 
lineations in mylonitic rock that outcrops on the fringes and northern portions of the 
uplift.  Based on these lineations, models for a Late Mesozoic metamorphic core complex 
(Wang et al., 2004) and a pre-Late Mesozoic sinistal strike-slip shear zone (Han et al., 
2001; Zhang et al., 2002) have been developed.   
 Up to two sets of mylonitic lineations are observed in the Maanshan uplift by 
previous workers (Han et al., 2001; Zhang et al., 2002; Wang et al., 2004).  The first and 
oldest set of mylonitic lineations, plunge southeastward at approximately 20-30 degrees 
and most commonly occur along the Louzidian fault and were observed by Zhang et al. 
(2002).  The second set was observed by all of these workers and are sub-horizontal 
mylonitic lineations.  This set of mylonitic lineations transect the older set and plunge as 
much as 40 to 50 degrees to the northeast (Zhang et al., 2002).  Isotopic ages of biotites 
within mylonitic rocks analyzed using 40Ar/39Ar by Wang et al. (2004) are 125.4+/-0.3 
Ma, 128.7+/-0.2 Ma, and 126.8 +/-0.2 Ma.  Additional ages gathered from 40Ar/39Ar 
analysis of K-feldspar in a mylonitic sample yielded an isochron age of 123+/-3 Ma 
(Zhang et al., 2002).  Using biotite within the same rock type, an isochron age of 134+/-3 
Ma was determined (Zhang et al., 2002).  A chloritic breccia zone is found along portions 
of the Louzidian fault, specifically near the town of Balihan (Wang et al., 2004). Clay 
14 
 
gouge above the Louzidian fault was dated using K-Ar and ranged between 65.3 and 71.1 
Ma (Han et al., 2001; Zhang et al., 2002; Wang et al., 2004).   
 
Model A 
 
Wang et al. (2004) describe a two-staged evolution of the Maanshan uplift and 
Chifeng basins, and interpret it as the Louzidian “metamorphic core complex”.  The 
authors explain that the sub-horizontal mylonitic lineations and slickensides in the 
footwall of the uplift are a result of Early Cretaceous ductile top-to-northeast shearing, 
followed by Late Cretaceous dip-slip extension to the northwest-southeast.  The two-step 
extensional model is proposed because mylonitic lineations showing the top-to-northeast 
shearing are overprinted by fault striations that show normal dip-slip movement outwards 
from the basin-bounding structure (Wang et al., 2004).  Tension cracks are also present in 
many exposures of the bounding faults and have dips opposite to the fault surface, further 
suggesting normal dip-slip displacement (Wang et al., 2004).  In their interpretation 
Wang et al. (2004) infer that these mylonitic lineations formed during the early stages of 
a developing metamorphic core complex.  In this interpretation, when extension 
magnitude became large, rapid uplift of the footwall occurred causing dip-slip striae to 
overprint the pre-existing mylonitic fabric.  These striations are most abundant along the 
Louzidian fault that bounds the southeast basin (Figure 4).  Figure 5 illustrates the Wang 
et al. (2004) model for the two staged development of the “Louzidian metamorphic core 
complex.”  The Chifeng basins are also used as evidence for the multi-stage development  
15 
 
 
Figure 4. Exposures of dip-slip striae along the Louzidian fault. The first location is 
along the fault near Balihan and the second is near Louzidian.  
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of the Louzidian metamorphic core complex proposed by Wang et al. (2004).  Basin fill 
is split into five sequences/packages that were deposited in the Late Jurassic through the 
Late Cretaceous (147-80 Ma) according to dates gathered by the Geological Resource 
Institute of Inner Mongolia using isotope and fossil ages from volcanic and sedimentary 
deposits (Wang et al., 2004).  Each of these sequences/packages are reported to be 
separated by unconformities and show changes in clastic sediment provenance and 
paleocurrent direction over time; suggesting tectonic changes or transitions (Wang et al, 
2004). 
The first three sequences A, B and C are reported to consist dominantly of 
volcanic and volcaniclastic deposits, although northern exposures of sequence B consist 
dominantly of laminar shale and coaly mudstone (Wang et al., 2004).  Wang et al. (2004) 
also state that these deposits may represent pre and early syn-extensional fill within the 
basins.   
Early clastic sediments of sequence  A and D (147-127 Ma) are described as 
being derived from both the hangingwall and footwall of the basin bounding fault, the 
Louzidian “detachment”, and transported towards the northeast (Wang et al., 2004).  This 
paleocurrent direction is used as evidence to support the presence of a northwest-
southeast trending depocenter created by the top-to-northeast high magnitude extension 
proposed by Wang et al. (2004).   
Sequence E, the youngest deposits within the basin according to Wang et al. 
(2004), are described as showing paleocurrent direction directly off of the Maanshan 
uplift.  They suggest that these deposits show a change from top-to-northeast extension to 
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perpendicular normal dip-slip faulting to the northwest and southeast, related to the rapid 
uplift of the footwall.  This change is assumed to be concordant with changes in the 
kinematic markers in the footwall of the uplift that were previously described.   
Based on these characteristics observed by Wang et al. (2004) a metamorphic 
core complex has been suggested to have developed during the Late Mesozoic near 
Chifeng.  Data collected during the 2004 field season show that the sequence 
classifications as well as provenance and paleocurrent interpretations made by these 
authors could be misleading and are based on too few data.    
 
Model B 
 
 An alternate hypothesis for the development of the Maanshan uplift and the 
adjacent basins is proposed by Han et al. (2001).  They suggest that the Louzidian normal 
fault formed during the Late Cretaceous with brittle normal dip-slip offset in a SE 
direction.  This fault is described as being incompatible with the mylonitic lineations 
present in scattered footwall outcrops.  Instead, Han et al. (2001) suggest that the 
mylonitic zone could be related to a pre-Cretaceous regional low-angle sinistral shear 
zone which controlled the development of the Louzidian normal fault through crustal 
inheritance (Figure 5). 
 Although the normal offset shown by kinematic markers along the Louzidian fault 
are incompatible with the mylonitic sub-parallel lineations in the footwall, the presence 
of chloritic breccias, common in higher pressure and temperature conditions than that at 
the surface, cause the authors to label this area as a “quasi metamorphic core complex” 
(Han et al., 2001).  
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Similar to the hypothesis of Han et al. (2001), Zhang et al. (2002) suggest the 
mylonitic zone within the Maanshan uplift is unrelated to later normal faulting.  These 
authors report two different sets of mylonitic lineations in the Mannshan uplift as well as 
oblique down-dip striae.  The oldest set of mylonitic lineations plunge southeastward at 
approximately 20-30 degrees and most commonly occur along the Louzidian fault.  A 
second set of mylonitic lineations transect the older set and plunge at 40-50 degrees to the 
northeast (Zhang et al., 2002).  Lastly, dip-slip fabrics overprint the mylonites, showing 
extension outwards from the Louzidian fault. 
The earliest mylonitic fabrics have sub-horizontal stretching lineations, as 
opposed to the sub-horizontal strike-parallel lineations of the ones dated in this study.  
These early mylonites were referred to as problematic, with their age left to be decided 
(Zhang et al., 2002), but certainly are implied to be pre-Cretaceous.     
The results given by 40Ar/39Ar samples are used to infer the timing of 
development for this ductile shear zone.  The authors further suggest that the ductile 
shear zone is a result of sinistral stike-slip faulting (Zhang et al., 2002).  The clay gouge 
ages are used to report the timing of extension along the Louzidian fault to the northeast 
and southwest.  
Zhang et al. (2002) conclude that three kinematic markers along the Maanshan 
uplift and Louzidian fault represent three different tectonic events.  The first is large scale 
extensional detachment faulting at depth of an undetermined age.  This event is followed 
by the formation of a sinistral shear zone of Early Cretaceous age.  Finally, dip-slip 
faulting along the Louzidian detachment occurred in the Late Cretaceous. Figure 5 shows 
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the Zhang et al. (2002) model with very similar characteristics as the model of Han et al. 
(2001) although the oldest set of mylonitic lineations are not illustrated. 
 
This Study 
 
 After analyzing and describing the characteristics of exposures within the Chifeng 
basins, results show there is no definitive evidence provided by previous workers that a 
metamorphic core complex developed in this location during the Late Mesozoic.  
Furthermore, the characteristics of these basins suggest that the magnitude of extension 
along the faults bounding this basin is low and no evidence for top-to-northeast extension 
within the syn-extensional basin fill was observed as suggested by Wang et al. (2004).  
Paleocurrent indicators, as well as kinematic dip-slip indicators along the footwall of the 
faults bounding these basins, show a history of normal faulting and extension in a 
northwest-southeast direction, similar to that of other Late Mesozoic extensional features 
throughout northeast China and southern Mongolia.  The shape of the basin and the 
geometry of basin fill deposits further suggest that the basin style is that of a half-graben 
basin as described by Leeder and Gawthorpe (1987), rather than that of a 
supradetachment basin (Friedmann and Burbank, 1995).  Furthermore, palynology from 
samples gathered in the southeast basin indicate that syn-extensional deposits were 
infilling the basin during the Early Cretaceous, opposing the Late Cretaceous age for 
extension along the Louzidian fault suggested by Han  et al. (2001) and Zhang et al. 
(2002).    
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BASIN CHARACTERISTICS 
 
 
Description/Geometry 
 
 Both the northwest and southeast basins located near Chifeng have elongate 
shapes in map view, parallel to the trend of the bounding faults.  The southeast basin is 
larger with sedimentary deposits that follow the length of the Louzidian fault for 
approximately 70-80 km.  Deposits along the fault margin of the southeast basin are 
dominated by conglomeratic rocks as far as 10 km into the basin from the bounding fault 
to the west.  Finer sediments are common farther from the fault, with conglomerates 
becoming less abundant.  Where present, conglomerates are typically channelized.  The 
deposits located more distal to the bounding faults are composed of dominantly tabular to 
lenticular, medium to coarse sandstone with gravel lag and overbank deposits and tabular, 
organic-rich mudstone and coal with interbedded lenticularly bedded sandstone. 
 The northwest basin has similar sedimentological characteristics but is not as 
large, or as well exposed as the southeast basin.  The facies patterns appear more 
irregular and sediments are present only along the northern portions of the basin 
bounding fault.  Southern portions of the northwest basin are dominated by volcanic 
deposits of felsic and intermediate composition and are interpreted as the base of the 
sedimentary sequence.  Conglomeratic deposits are present as far as 10 km from the 
basin-bounding faults.  Deposits distal to the basin-bounding faults are similarly 
composed of tabular to lenticular, medium- and coarse-grained sandstones and tabular 
organic-rich mudstones and coals with interbedded lenticular sandstones. 
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Faults 
 The Louzidian fault bounds the southeast basin and places predominantly 
Archean rocks in the footwall against sedimentary rocks of the southeast basin.  Along 
the northernmost segment of the Louzidian fault Permian to Middle Jurassic plutonic 
rocks and Proterozoic carbonates are placed against the basin fill.  The fault strikes 
northeast and has observed dip angles ranging from 24 to 72 degrees to the east. Sub-
horizontal lineations are present in mylonitic rocks in the footwall of the Louzidian Fault 
(Han et al., 2001; Zhang et al., 2002; Wang et al., 2004) but are not found everywhere 
along the fault (Han et al., 2001).  A brecciated chloritic zone is present along much of 
the Louzidian fault, most obviously near the town of Balihan (Wang et al., 2004).  Striae 
and tension cracks indicate brittle normal-sense dip-slip displacement at all visited 
outcrops of the Louzidian Fault. 
 The Xinwopu fault, bounding the northwest basin, places the sedimentary basin 
fill against predominantly Permian to Middle Jurassic plutonic rocks.  In places along the 
northwest basin-bounding fault, footwall rocks include Proterozoic limestone/marble, 
Jurassic sedimentary rocks and Cretaceous granite.  This fault also strikes northeast with 
observed dips ranging from 65 to 70 degrees to the west.  Few mylonitic lineations 
similar to those along the Louzidian fault were present in the outcrops in the footwall of 
the Xinwopu fault.  The Xinwopu fault was observed at fewer locations than the 
Louzidian fault, but also had striae and tension cracks indicating brittle normal-sense dip-
slip displacement at these locations.   
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 The basin-bounding faults either coalesce along the northern portion of the 
Maanshan uplift or are cut by younger faults that trend roughly northwest and dips at 72 
degrees to the northeast (Wang et al., 2004).  Observations from LANDSAT data suggest 
the former; that they may coalesce and continue to the north.  Alternatively, the Xinwopu 
fault could be younger, and could cut the Louzidian fault.  No evidence for offset of the 
Louzidan fault was observed in either our field work or in the LANDSAT data.  The 
dashed line in Figure 6 represents the interpreted continuation of the Xinwopu fault.  This 
interpretation is based on the LANDSAT data.  Numerous faults were observed within 
the Lower Cretaceous basin fill, striking in a similar northeast-southwest direction as the 
basin-bounding faults of the northwest and southeast basins.  Typically these faults have 
offsets ranging from 1 to 15 meters.   
 
Footwall Lithologies 
 
The footwall lithologies are predominantly plutonic intrusions and a few 
Proterozoic carbonates outcrop in northern localities within the uplift.  Archean granite 
and gneiss are present in many locations along the Louzidian fault and are commonly 
mylonitized, although the fabrics vary laterally.  In some locations to the south no 
mylonite exists (Han et al., 2001).  An outcrop near Louzidian contains several non- 
mylonitic intrusive dikes of an undetermined age that cut the mylonitic fabric and are 
themselves cut by the brittle Louzidian fault, suggesting some time interval between 
ductile and brittle faulting in the region.  Proterozoic outcrops consist of slightly to 
moderately metamorphosed limestone and were located only at the northwest portions of  
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Figure 6. LANDSAT images with interpretations (upper image) of the extent of 
the Louzidian and Xinwopu Faults. The image also shows interpretations of the 
lateral extents of the Late Jurassic-Early Cretaceous sedimentary fill. 
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the uplift.  These outcrops shed detritus into the northwest basin proximal to these 
outcrops and are not visible in the basins at any other locations. 
 Several different Mesozoic granitic rocks compose a majority of the exposed 
portions of the Maanshan uplift.  These granitic rocks range in texture from fine grained 
to pegmatitic.  In addition to granitic rocks, Jurassic sedimentary rocks are preserved in 
several different places along the uplift.  These rocks are dominantly thick-bedded, well-
cemented pebble conglomerate that is heavily fractured.         
 
Sedimentology and Stratigraphy 
 
 The total basin thickness is difficult to determine due to the low degree of 
exhumation of the stratigraphic sequence and sparse outcrops of basin fill.  However, 
cross sections were drafted in order to estimate the gross structural architecture and 
subsurface thicknesses (Figure 7).  The cross sections were constructed using data 
gathered from the summer of 2004 field season and from previous mapping by Wang et 
al. (2004) and the Inner Mongolia Bureau of Geological and Mineral Resources.  All data 
used to make these interpretive cross sections are from surface exposures of the basin fill 
and adjacent areas.  The subsurface architecture is based on the half-graben basin models 
presented by Leeder and Gawthorpe (1987) and Blair and Bilodeau (1988).  Dips of the 
underlying volcanic sequence from the margin of the southeast basin were used for the 
dip of the basin floor.  This assumes that they were deposited near horizontal and later 
tilted uniformly as the hanging wall block was down-dropped. 
Cross sections A-A’ through E-E’ show that basin fill within the southeast basin 
are approximately 2-3 km thick. In all but few distal portions of the southeast basin, 
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younger alluvial fan deposits are exposed at the surface.  This relationship is described by 
Blair and Bilodeau (1988) where fluvial and lacustrine deposits more quickly respond to 
changes in base level, and only when there are times of little to no subsidence are coarse 
alluvial fan deposits able to react by prograding away from the basin-bounding fault.  As 
the Louzidian and Xinwopu faults became less active, coarse deposits prograded out from 
the fault bounded margins, over finer fluvial and lacustrine deposits. 
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RESULTS 
 
 
Measured Sections and Station Locations 
 
During the 2004 field season over the months of May and June, 11 measured 
sections (Figure 8) varying in thickness from approximately 25 to 375 meters and 128 
stations describing the sedimentological characteristics of exposed outcrops within the 
Chifeng basins were recorded (Plate 1).  Data collected includes facies and lithological 
descriptions of the outcrops, clast composition counts in conglomeratic beds, maximum 
diameter of largest ten clasts in the outcrop and rock samples for petrographic, 
palynological vitrinite reflectance and X-ray fluorescence analysis.  These data show the 
exposed portion of the basin fill as observed during the field season.        
 
Facies Association Descriptions 
 
The Chifeng basins are composed dominantly of Early Cretaceous volcanic and 
clastic rocks that were deposited in a non-marine setting.  The sediment within these 
basins has been divided into four distinct facies associations, FA1, FA2, FA3, and FA4 
(Plate 1).  These deposits are underlain by felsic and intermediate volcanic deposits of 
dominantly andesitic and rhyolitic composition.   
The best exposures are found on the flanks of the basins, proximal to the basin 
bounding faults.  A loess blanket as thick as 10 meters covers much of the 
topographically low-lying deposits within the basin, with exception to exposure in gullies 
incised within the present landscape (Figure 9).  Therefore, the lateral extent of the facies  
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Figure 9. Examples of incisions into thick loess deposits in the Chifeng 
BasinsIncisions into loess deposits were commonly used to find exposure 
of the Late Mesozoic sedimentary deposits.  
31 
 
associations are delineated based on exposures where the measured sections and stations 
were collected.  
 
UFelsic to Intermediate Volcanics 
 
The deposits that underlie and outcrop adjacent to the Chifeng basins consist of 
interbedded felsic to intermediate volcanic rocks of primarily rhyolitic and andesitic 
composition.  These deposits underlie the Early Cretaceous sedimentary deposits that 
make up facies associations 1-4 (FA1-FA4).  Samples of these deposits from the 
northeast basin are dated between 147-118 Ma using a K-Ar method as reported by Wang  
et al. (2004).  Exposure of this unit is primarily limited to the northwest basin and 
southern portions of the southeast basin and their adjacent areas.  Although we did not 
explore the aerial limits and characteristics of these deposits in detail, our data, and 
existing geologic maps (Wang et al., 2004) clearly show these deposits are present and 
deposited outside these basins.   
Additional outcrops of volcanic rocks are interspersed within the other facies 
associations present in the basins and are compositionally characterized as rhyolitic and 
andesitic (Figure 10).  Few localities in the southeast basin show volcaniclastic rocks that 
were deposited in proximal localities to volcanic flows. Rhyolitic necks and several flows 
exhibiting columnar jointing were observed near the northwest basin (Figure 11).   
Of these volcanic deposits, a suite of 25 samples were collected from locations 
within the northeast and southwest basins.  The results of x-ray fluorescence analyses 
performed on these samples are presented in the appendices section of this paper.   
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Figure 10. Photographs of volcanic rocks inter-dispersed with the Late Mesozoic 
sedimentary rocks in the southeast Chifeng Basin. Qal = alluvium/loess, Kv = Early 
Cretaceous volcanic extrusive deposit, Ks = Cretaceous Sedimentary deposits 
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Figure 11. Photographs of volcanic deposits exposed in the northwest basin. 
Volcanic necks (upper) and a volcanic flow exhibiting columnar jointing (lower) 
34 
 
ULacustrine/Fluvial Deposits 
Facies association one (FA1) consists of mudstone, coal, sandstone and 
conglomerate.  The mudstone and coal deposits are organic rich, often laminated to  
massive, and are deposited in packages as thick as 10 meters.  In places thick packages of 
mudstone are reddish-gray in color and are heavily oxidized.  The packages of mudstone 
and coal are commonly interbedded with lenticular packages of both sandstone and 
conglomerate.  The sandstone beds are commonly meter scale and are composed 
dominantly of sub-angular to sub-rounded, massive to coarsening upward beds, fine to 
coarse grained sand with ripples, few root traces, petrified wood, mud rip-ups and organic 
rich drapes.  Conglomeratic packages are lenticular to tabular on outcrop scale, with sub-
rounded to well-rounded, pebble to cobble sized clasts, and are typically well imbricated. 
These rocks were deposited in either marginal lacustrine, lacustrine, or fluvial 
settings.  The coal was likely deposited in paludal environments, such as swamps, 
requiring an anoxic setting in which to preserve large amounts of organic material (Miall, 
1978).  Laminated to massive organic rich, grey mudstone was deposited in either 
backswamp deposits or overbank deposits (e.g. Miall, 1978).  The reddish-gray mudstone 
was deposited in a setting that allowed oxidation, such as overbank or shallow lacustrine 
environments (e.g. Miall, 1978).   
Both measured sections (MS6 & MS11) located in facies association one (FA1) 
display coarsening-upward sequences, consistent with fluvial/deltaic progradation into a 
lacustrine setting (Wood and Ethridge, 1988) (Figure 12).  These packages of rock begin  
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Figure 13. Photographs of facies association 1 (FA1). FA1 is composed 
dominantly of laterally continuous mudstone and coal deposits as well as 
lenticular sandstone and conglomerate packages.
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at the base of the sections, dominantly as organic-rich mudstones and coals, and become 
influenced by fluvial deposits beginning with interbedded lenticular medium- to coarse-
grained sandstone (Figure 13).  Moving upwards in the stratigraphic section the 
interbedded mudstone, coal and sandstone become dominated by thickening packages of 
sandstone and conglomerate which eventually replace the mudstone and coal (Figure 13).  
Individual beds of sandstone often coarsen upwards from fine to coarse, also common 
with delta progradation (Wood and Ethridge, 1988).  In both of these measured sections 
coarsening upwards sequences take place over a stratigraphic thickness of 100 m in 
measured section eleven and < 300 m in measured section six. 
 
UAlluvial Fan Conglomerates 
 
Facies association two (FA2) consists of thick bedded conglomerate.  Measured 
sections 2, 3, 7, and 10 are located within FA2 and are good examples of the facies 
association characteristics (Figure 8).  The dominantly clast-supported, poorly- to well-
sorted, poorly cemented conglomerate fringe the fault bounded portions of the basins.  In 
few places observed deposits were matrix supported.  In few locations matrix-supported, 
poorly sorted, conglomerate was observed.  The deposits do not prograde more than 10 
km into the southeast or northwest basins, and usually are not present 5 km from the 
Louzidian or Xinwopu faults. Abundant imbrication within these deposits indicate 
derivation directly off of the footwall (Figure 14).   
Individual beds often scour into underlying beds (Figure 14).  Overall clast size 
varies from pebble- to cobble-sized conglomerate with few boulders interspersed within 
these deposits.  Angularity of clasts increases approaching toward the basin bounding  
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Figure 14. Photographs of facies association 2 (FA2). FA2 is composed 
primarily of coarse alluvial fan deposits. Scoured bases and lenticular 
sandstone packages are common as well as imbrication.
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fault (Figure 15). Lenticular, medium to coarse sandstone beds are common within these 
conglomerates. They are often less than 1 m thick and are laterally discontinuous.   
Clast composition within these exposures suggests that the conglomerate was 
derived from localized footwall deposits.  Conglomerate above the hanging wall are 
deposited within close proximity to their footwall sources, as seen in clast counts taken 
within this unit.  This is most convincingly shown with a Proterozoic footwall source 
containing slightly to moderately metamorphosed carbonate rocks, with the same 
carbonate clasts in the hanging wall of the fault (Plate 2).  The clast-supported intervals  
are interpreted as fluvially deposited alluvial fan conglomerate.  Matrix-supported, poorly 
sorted intervals are interpreted as debris flows within the same, alluvial fan environment.  
The source of these deposits is clearly the Maanshan uplift as they fringe its fault 
bounded margin.  Paleocurrent indicators and clast count data further support the uplift as 
a source.  Alluvial fans consist of thick sequences of both coarse-grained, clast-supported 
waterlain deposits and matrix-supported, debris-flow-derived deposits that decrease in 
particle size downfan from the apex (Bull, 1972).  FA2 is composed of deposits that 
illustrate the same characteristics.  Scoured bases and cut and fill structures are common 
within these deposits as described in modern fans by Bull (1972).  Additionally, proximal 
fault-bounded deposits of the Chifeng basins are of coarser particle size as the more distal 
portions of these deposits as in modern alluvial fan deposits (Bull, 1972). 
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.
Figure 15. Photographs illustrating differences in sorting and roundness in 
conlomeratic outcrops proximal (top) and distal (bottom) to the Louzidian 
Fault.
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UDistal Alluvial Fan/Minor Lacustrine Deposits 
Facies Association 3 (FA3) has similar characteristics to FA2.  A differentiation 
between these two units has been described because of the general decrease in grain size 
and apparent depositional environment change toward the center of the basin.  Instead of 
conglomeratic, coarse grained deposits, tabular to lenticular, well sorted sandstone and 
organic rich mudstone compose a significant percentage of these deposits. 
These deposits are composed of interbedded sandstone, mudstone, conglomerate 
and sparse rhyolitic to andesitic flows (Figures 16 and 17).  The sandstone is dominantly 
medium- to coarse-grained, tabular to lenticualrly bedded, and commonly has gravel lag 
and scoured bases.  Bed thickness is commonly meter scale.  Sedimentary structures 
observed include ripples, planar cross-stratification, and few poorly exposed trough 
cross-stratification.  Organic-rich mudstone is interbedded within these packages and  
range from 10 cm to 2 m in thickness. Often these beds are laminated and in places have 
plant material, fish and insect fossils (Figure 18). Conglomeratic beds are massive to  
lenticular, have erosive bases, with pebble to boulder sized clasts, are rounded to well-
rounded, typically clast supported, and well imbricated (Figure 18). In few places such as 
the outcrop in Figure 17 (lower photograph), matrix supported, poorly sorted 
conglomerate with large erosive bases that cross-cut other deposits are present. 
The conglomeratic beds either represent alluvial fan deposits, mass wasting 
deposits (when matrix supported), or fluvial channel fills (Bull, 1972; Miall, 1978). The 
mudstone is interpreted as either overbank deposits, when laminated and rippled, or as 
lacustrine deposits when containing abundant fish fossils and other organic material  
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Figure 16. Photographs within FA3 showing overall composition. The 
outcrop in the upper photo is composed of tabular sandstones and 
organic rich mudstones. The lower photo shows thick bedded, tabular 
sandstone packages interbedded with organic rich mudstone.   
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Figure 17. Additional photos within FA3 showing overall composition. The 
upper photo is composed of interbedded lenticular conglomerate and 
sandstone. The lower photo shows thick-bedded, tabular sandstone packages 
cut be a mass wasting deposit.
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Figure 18. Well imbricated, clast-supported pebble conglomerate (top) and 
fossil fish from laminated siltstone and mudstone in FA3. 
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(Miall, 1978). Sandstone containing planar cross-stratification, trough cross-stratification, 
ripples, and gravel lag are interpreted as fluvial deposits on distal portions of alluvial 
fans.  
In few places FA3 is composed, at least partially of massive, coarse-grained 
alluvial fan conglomerate as described for FA2. The base of measured section four (S4) is 
composed of massive conglomerate for approximately the lower 30 meters. Several 
stations located proximally to measured section four have similar conglomerate exposed, 
usually 10 to 20 meters thick. These deposits differ from the other conglomeratic portions 
of F3 both because of greater thickness, massive bedding and larger overall clast size. 
These deposits as well as other deposits within FA3 are likely dominantly present in the 
latest stages of basin filling or during times of tectonic quiescence and replace areas that 
were being filled with axial or hanging-wall-derived fluvial and lacustrine deposits 
during times of active subsidence. This relationship is described by Blair and Bilodeau 
(1988) where fluvial and lacustrine deposits more quickly respond to changes in base 
level, and only when there are times of little to no subsidence are coarse alluvial fan 
deposits able to react by prograding away from the basin bounding fault. In addition, 
these coarser deposits could have bypassed the upper portions of the fan due to channel 
entrenchment, depositing coarser deposits in more distal portions of the fans (Bull, 1972). 
46 
 
UHanging Wall Derived Fluvial Deposits 
Facies association four (FA4) outcrops in few gullies in the easternmost portions 
of the southeast basin. It consists of medium to coarse grained, tabular to lenticular beds 
of sandstone and pebble conglomerate (Figure 19). Additionally, mudstone is interbedded 
with these deposits (Figure 19). Sedimentary structures include trough cross-stratification 
(Figure 20), ripples and imbrication. Paleocurrent directions are to the west-northwest, 
oriented transverse to the ramp margin of the basin. 
Measured section five (S5) is located within FA4 and was the best exposure of 
these deposits encountered (Figure 8). The section is approximately 80 m thick and was 
composed of interbedded sandstone and mudstone that repeat at regular intervals. The 
sandstone packages are tabular to lenticular and are composed of fine to coarse sand with 
common scoured bases. Silty/clayey mudstone was interbedded with the sandstone 
packages. Soft sediment deformation was present along the lower boundaries of 
sandstone packages as well as few volcanic clasts, mud rip-ups, and trough cross-
stratification. 
These deposits are derived from the hanging wall of the Louzidian fault. 
Paleoflow direction to the west represents drainages created by the down-tilting of the 
hanging wall caused by normal dip-slip displacement along the Louzidian fault. The  
mudstone deposits are interpreted to be overbank deposits associated with lenticular and 
tabular sandstone and gravel fluvial deposits (Miall, 1978) sourcing from east of the 
southeast basin. 
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Figure 19. Exposures of FA4 composed primarily of interbedded lenticular to 
tabular sandstone and tabular mudstone packages. 
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Figure 20. Exposure of FA4 composed of medium to coarse sandstone with 
gravel lag and trough-crossbedding. 
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Palynology   
A total of three coal and mudstone samples gathered from Chifeng were selected 
for palynological analysis to determine the age of exposed basin fill. Palynological 
analysis was performed by O.A. Abbick, University of Utrecht, Netherlands. Sample 
04CF07 was taken from a sandy mudstone interval near the base of MS1 interpreted to be 
overbank deposits associated with sand and conglomeratic fluvial deposits of facies 
association 1. Samples 04CF58 and 04CF63 were collected in an open-pit coal mine near 
the city of Pingzhuang from a bituminous coal bed near the base of measured section six 
and from an organic rich mudstone near the top of the section respectively. These 
samples were selected based on their apparent high organic content and their relative 
positions within exposed outcrops in both the northwest and southeast basins. 
 Results from the palynological analysis determined ages for samples 04CF58 and 
04CF63, but did not find preserved pollen within sample 04CF07. Sample 04CF58 is 
Jurassic-Early Cretaceous based on the presence of Ilenite elatoides and Alisporites spp.. 
Sample 04CF63 is dated as Valanginian to Early Barremian (137-124 Ma) based on the 
presence of abundant Pilosisporites spp., Cicatricosisporites sprumontii, Perinopollenites 
elatoides.        
 
Clast Counts 
 
 Ninety-seven clast counts were taken within the Chifeng basins in conglomeratic 
outcrops (Appendix D). At these locations, a minimum of 100 clasts were identified 
using a planar point intercept sampling method. These data have been used to identify the 
provenance of these clasts within these conglomeratic packages. In addition to 
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determining provenance, the largest 10 clasts exposed in each outcrop were measured 
along their longest exposed diameter and used to calculate the median maximum clast 
size. These data were then analyzed for lateral and vertical trends throughout the basin 
fill, giving insight to the distance of transport from source to deposition. 
Within the basin fill, clast composition often showed that conglomerates 
deposited were derived primarily from the footwall of the basin bounding faults and were 
not transported far from the source (Plate 2). Clasts of granite and slightly 
metamorphosed granite, resembling Archean and Permian-Jurassic basement were the 
dominant clast types counted in conglomeratic portions of the basins near Chifeng. In 
portions of the Maanshan uplift where Archean and Permian-Jurassic bedrock was not  
exposed near the basin bounding fault other footwall rock types dominated the 
composition of footwall derived alluvial fan deposits. This is shown most clearly in the 
northwest basin at its northern margin. At several localities within the basin near 
Proterozoic carbonate footwall outcrops, clast counts were dominated by limestone and 
marble.  
The lateral distribution of conglomeratic rocks where clast-count data was 
recorded shows little variability within facies associations FA1, FA2, and FA3. This lack 
of variability is consistent with late stage deposits within half-graben basins as footwall-
derived conglomeratic deposits fill remaining accommodation space at the cease of 
extension (Blair and Bilodeau, 1988). Variability within these units is controlled only by 
the footwall lithologies that outcrop within the drainage areas that fed the drainages off of 
the Maanshan uplift. FA4 shows a unique provenance, with a large percentage of 
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volcanic derived clasts. The provenance for these rocks represents fluvially derived 
deposits from the hanging wall. 
Using the median of the largest 10 clasts from conglomeratic outcrops where clast 
counts were recorded, a clast size distribution map was made (Plate 3).  These data were 
tested using Spearman rank correlation tests for both the median and largest single clast 
of the largest 10 clasts for each conglomeratic outcrop where a clast count was performed 
versus distance from the basin bounding fault along the Maanshan uplift. Results of these 
tests show that there is weak negative correlation between these variables and does not 
show a distinctive trend of decrease in maximum clast size moving from proximal to 
distal locations on these alluvial fan deposits (Figure 21). The first test, median clast size  
of the largest 10 clasts in each outcrop counted versus distance from the basin bounding 
fault, gives a value of -0.27 with an interval between -0.44 and -0.07 for 95 percent 
confidence. The second test, maximum single clast from each recording station versus 
distance from the bounding fault, gives similar results as the first with a value of -0.26 
with the 95 percent confidence interval between -0.44 and -0.07.  
The distribution of maximum and mean particle size in modern alluvial fans show 
that clast size decreases down-slope with increasing distance from the apex of the alluvial 
fan (Bull, 1972). However, the uniformity of this decrease is affected by the amount of 
channel entrenchment and rate of channel migration on an active alluvial fan (Bull, 
1972). The largest 10 clasts from conglomeratic outcrops within the Chifeng basins show 
no convincing evidence for a decrease in overall clast size from the fault-bounded  
margins along the Maanshan uplift. This result is either due to deep entrenchment of  
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channels bringing coarser conglomerates to more distal locations on the fan, or a lack of 
laterally continuous data. Although there is not a statistical decrease in clast size from 
proximal to distal portions of these fans, the decrease in overall particle size between 
FA2 and FA3 within the northwest and southeast basins correlates well with modern 
alluvial fan deposits (Bull, 1972). Furthermore, the decrease in particle size as well as 
paleocurrent directions away from the basin bounding faults, indicate that the dominant 
source of these fan deposits is the Maanshan uplift.  
 
Paleodrainage Patterns 
 
 Paleocurrent data were collected throughout both basins (Plate 4). Paleoflow data, 
primarily in the form of imbrication, is abundant in conglomeratic outcrops within FA2 
and FA3. Imbrication is far less common in FA1 and FA4, although few trough cross-
stratification indicators were found in the central and eastern portions of the southeast 
basin.  
Paleocurrent indicators show that FA1, FA2, and FA3 are footwall derived, while 
deposits from FA4 are from a hangingwall source. These indicators show that drainages 
coming off of the Maanshan uplift deposited these conglomerates in alluvial fans. 
Deposits towards the center of the basin are finer, but have paleocurrents that correlate 
well with the fault fringing alluvial fan conglomerates. Although measuring paleocurrents 
was difficult in FA4 due to lack of well imbricated conglomerates or well preserved cross 
stratification, data show directions opposite those of FA1, FA2 and FA3 
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 Changes in paleocurrent direction stratigraphically are not visible in the measured 
sections with exception to measured section 3 where paleocurrent trends move from 
south directed to east-southeast directed upwards in section. This trend is concurrent with 
an overall change in grain size from dominantly sand, low in the section, to 
conglomerates at the top of the section. This could represent two depositional systems; 
one with south directed paleocurrents representing axial drainage and the east-southeast 
directed paleocurrents representing alluvial fan deposits derived from the Maanshan 
Uplift. 
 Paleocurrents collected during the 2004 field season show no evidence to support 
the assertions of Wang et al. (2004) that older deposits in these basins have northeast 
paleocurrents. If extension towards the northeast did occur during the Early Cretaceous, 
paleocurrent directions off of the Maanshan uplift are expected to be directed to a 
depocenter that trends perpendicular to the extension direction as the paleocurrent data 
from Wang et al. (2004) suggests. Paleocurrents collected within these basins only show 
drainages associated with a depocenters trending northeast-southwest, thus suggesting 
extension in a northwest-southeast direction.   
 
Point Counts 
 
 Forty-six sandstone samples were collected from scattered outcrops within the 
Chifeng basins. The sand samples are predominantly coarse and medium grained, and 
were collected in FA1-FA4 (Appendix C). Lithological descriptions of these samples and 
the outcrops they were recovered from can be found in Appendices A and B. 
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Thin sections were cut and point counted (500 points/slide) on a Zeiss flat-stage 
petrographic microscope with an automatic point counter. The Gazzi-Dickinson point-
counting method was used for the analysis of these samples (Dickinson, 1970; Ingersoll 
et al., 1984). Point counting was conducted to identify the mineralogy of grains, cement, 
matrix and porosity and their abundances. Out of these 46 samples a total of five samples 
did not remain intact while being shipped back from China. For these samples grain 
mounts were made and give no information about cement, matrix or porosity. 
Porosity ranged between 0 and 24 percent for the samples that we collected, with the 
lowest porosity correlating with high percentages of cementation. Figure 22 shows a plot 
of the Spearman’s rank correlation results showing there is indeed at correlation between 
high porosity and low cementation and matrix within these thin sections. Results give an 
rs value of -0.63 with a 95 percent confidence interval between -0.78 and -0.40 indicating 
a strong negative correlation between cement and matrix and porosity in the sandstone 
samples. Types of cementation include clay, calcite and in few samples silica 
cementation was present.  
Lithic fragments present in the sandstone samples collected from the Chifeng 
basins include sedimentary, plutonic, metamorphic, and volcanic rock types. The vast  
majority of lithic fragments counted were of volcanic origin, dominantly of rhyolitic and 
volcanic chert composition. Additionally, few lithic fragments appeared to be more 
mafic, of basaltic composition. Plutonic fragments were abundant but usually too coarse 
grained to be counted as lithic fragments, and were of granitic composition. Few 
sedimentary and metamorphic lithic fragments were present in these samples.    
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 Results of the point counting were plotted using QtFL, QmFLt and QmPK ternary 
diagrams (Figure 23). The abbreviations for grain types uses the traditional Gazzi-
Dickinson (Dickenson, 1970) point counting method where: Qt = total quartz grains (Qm 
+ Qp); Qm = monocrystalline quartz; Qp = polycrystalline quartzose lithic fragments 
including chert; F = total monocrystalline feldspar grains (P + K); P = plagioclase; K = 
K-feldspar; Lt = total polycrystalline lithic fragments (L + Qp); L = unstable lithic  
fragments (Lv + Ls); Lv = volcanogenic and metavolcanogenic lithic fragments; Ls = 
sedimentary and metasedimentary lithic fragments. Raw point count data can be found in 
Appendix E. 
Initial provenance and paleocurrent data collected in the Chifeng basins is 
strongly supported by the data compiled from petrographic analysis of sandstones from  
these basins. Both QtFL and QmFLt plots show a majority of samples from these basins 
are of continental block provinces in uplifted basement. The QmPK as well as the QtFL 
and QmFLt plots show that the samples collected in the Chifeng basins are immature 
arkose sandstones and are dominantly of plutonic and volcanic origin. Few samples 
plotted in the mixed and magmatic arc provenances due to the abundance of lithic 
fragments in the samples. These data further support paleocurrent and provenance data 
from the Chifeng basins by showing the Maanshan uplift is the dominant source of the 
exposed sediment in these basins with some influence from local volcanic deposits in the 
hangingwall.    
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Figure 22. Results from Spearman ranked correlation test showing a decrease in 
porosity as matrix and cementation increases.  
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Syn-extensional Deposits 
 The Lower Cretaceous sedimentary deposits within the Chifeng basins are 
interpreted as syn-extensional for several reasons. First, the footwall lithologies are 
common in the sedimentary detritus shed into the basin. Second, the Lower Cretaceous 
rocks in the basin are separated from older rocks by The Louzidian and Xinwopu normal 
faults. Third, the paleocurrent directions in these deposits are perpendicular to the trends 
of the bounding fault, implying hanging wall derived drainages. Fourth, the deposits that 
fringe the Louzidian fault of the southeast basin are both cut by and onlap the fault. 
 
Geochemistry of Volcanic Rocks 
 
 X-ray fluorescence was used to determine the chemical composition of 25 
volcanic samples collected within the Chifeng basins during the summer 2004 field-
season. In order to analyze the least altered rocks possible the samples were gathered  
dominantly from active quarries and fresh outcrops in road cuts. Whole rock samples 
were crushed to a fine powder then pressed into a disc with use of an alcohol based 
binding agent. Once the samples were pressed and dried they were irradiated with x-rays 
generated in a Philips XRF analyzer for a period of approximately 7 minutes. The sample 
results are generated into an x-ray emission spectrum that calculates the amount of major 
and trace elements present in the sample. 
 These samples were collected and analyzed in order to provide information 
concerning the tectonic setting of Late Jurassic and Early Cretaceous magmatism in the 
Chifeng area and by extension, throughout northeast China and southern Mongolia. 
Widespread plutonism and extensive volcanism of this age is present throughout the 
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region and floors as well as surrounds many extensional basins (Cope, 2003; Meng, 
2003; Johnson, 2004). Both the major and trace elements and their relative percentages to 
each other provide information concerning the tectonic nature and location in which these 
magmatic melts developed. 
 Norm calculations were used on each of the XRF results in order to attain data 
corrected to 100 percent of the samples total anhydrous composition (Appendix F). These 
corrected data were used in the plots used to interpret the geochemical data from the 
volcanic samples collected near Chifeng. 
 The relative abundance of Na2O + K2O, FeO, and MgO is commonly used to 
determine thoelitic rocks from calc-alkaline rocks (Rollinson, 1993). Although Na2O + 
K20 (Alkalis), FeO (Fe oxides), and MgO usually make up less than 50 percent of the 
samples oxide weight percentages, and does not completely represent the total 
geochemistry of the rock,  AFM plots are a useful tool in determining between these two 
types of volcanic rocks (Rollinson, 1993).  
 An AFM diagram was plotted using the data collected from the volcanic samples 
in the northwest and southeast basins, where A is Na2O + K2O, F is FeO and M is MgO. 
Using the Irvine and Baragar (1971) curve to discriminate between tholetic and calc-
alkaline series volcanic rocks, the samples all plot within the calc-alkaline portion of the 
diagram (Figure 24). A Harker diagram (Figure 25) with the Chifeng samples plotted 
shows high amounts of K20, also indicating that these rocks are of per-alkaline in 
composition. 
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Multivariate principal components analysis was performed using MVSP version 
3.1 software to determine which components of these volcanic samples are most 
significant to compositional variability. The norm calculated percentages of SiO2,  
Al2O3, K2O Na2O, MnO, P2O, TiO2, Fe2O3, FeO, MgO, and CaO were log(10) 
transformed before performing this analysis.  
Results of the analysis were plotted on a two-axis graph (Figure 26). The 
variables with the greatest relative distance to the origin of the graph represent the most 
significant variables in the data set. Variables that are grouped in close proximity to each 
other are of similar significance to the data set. In this data set SiO2 represents the most 
significant variable followed by the group MgO, CaO, and  FeO. 
Total alkalis versus silica (TAS) diagrams are a useful and straightforward 
method to classify and name volcanic rocks (Rollinson, 1993). This method is based on 
plotting the weight percentage of alkalis (Na2O + K2O) and silica (SiO2) against each 
other on a plot with distinct field boundaries. This most current version of this diagram 
was developed by Le Maitre (1989), using a data-set of 24,000 samples including the 
classifications originally assigned to them. The field boundaries are defined according to 
current geochemical usage, giving no room for overlap between the fields (Rollinson, 
1993).  
The TAS (total alkalis versus silica) diagram shows that most of the samples plot 
as either intermediate or felsic and have a strong peralkaline trend (Figure 27). Of the 25 
samples, 10 plot as rhyolite, 9 as trachydacite, 1 andesite, 3 trachyandesites, 1 basaltic 
trachyandesite, and 1 phonotephryte. No stratigraphic compositional trends were  
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Figure 24. FAM diagram to discriminate between calc-alkaline and thoelitic series 
with data from the Chifeng volcanics suite. All samples lie within the limits for calc-
alkaline series using the Irvine and Baragar (1971) field boundary. 
63 
 
Fi
gu
re
 2
5.
 H
ar
ke
r D
ia
gr
am
 sh
ow
in
g 
th
e 
re
la
tiv
e 
pe
rc
en
ta
ge
s o
f T
iO
2,
 A
l2
O
3,
 F
e2
O
3,
 F
eO
, M
nO
, M
gO
, C
aO
, N
a2
0,
 K
2O
, a
nd
 
P2
05
 v
er
su
s p
er
ce
nt
 si
lic
a.
 
64 
 
Fi
gu
re
 2
6.
 R
es
ul
ts
 o
f p
rin
ci
pa
l c
om
po
ne
nt
s a
na
ly
si
s o
f s
ig
ni
fic
an
t v
ar
ia
bl
es
 in
 v
ol
ca
ni
c 
ge
oc
he
m
ic
al
 c
om
po
si
tio
n.
 T
he
 c
lo
se
st
 
va
ria
bl
es
 to
 (0
,0
) h
av
e 
th
e 
hi
gh
es
t v
ar
ia
bi
lit
y 
w
ith
in
 th
e 
vo
lc
an
ic
 sa
m
pl
es
 g
at
he
re
d 
ne
ar
 C
hi
fe
ng
.  
 
65 
 
 recognized when comparing samples collected in the Lower Jurassic basin fill and those 
collected in the underlying pre to early syn-extensional volcanic rocks. 
 The original geochemical study of granitic rocks by Pearce et al. (1984) classifies 
them into ocean-ridge, volcanic-arc, within-plate and collisional types. Based on the 
relative amounts of the trace elements Y, Yb, Rb, Ba, K, Nb, Ta, Ce, Sm, Zr, and if the  
authors were effectively able to discriminate between these different tectonic settings 
(Rollinson, 1993).  Comparing the relative abundance of the elements yttrium, rubidium 
and niobium are the most efficient discriminates when comparing magmas of different 
tectonic origin (Rollinson, 1993). Nb-Y and Rb-(Y+Nb) discrimination diagrams for 
magmatic rocks were plotted to determine the tectonic setting in which the magma that 
formed these rocks was derived (Figure 28).  
Samples plotted in the Nb-Y discrimination diagram indicate that these rocks lie 
on the border between volcanic-arc or collisional magmatic origin. We see the same 
trends using an Rb-(Y+Nb) discrimination diagram. Interpretations of the diagrams 
developed from the XRF data are discussed further in the discussion of this paper in the 
mechanisms for regional extension section.  
 
Burial and Maturation Modeling 
 
By combining stratigraphic thickness, vitrinite reflectance data, and regional heat 
flow data, subsidence and maturity curves have been created assuming an average  
thickness of the southeast basin based upon cross sections and the typical thickness 
within other basins of the same late Mesozoic regime. The Yingen, Erlian, Hailar and 
East Gobi sub-basins exhibit thicknesses typically less then 3 km based on field  
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 observations and seismic profiles (Graham et al., 2001; Cope, 2003; Meng, 2003; Meng 
et al., 2003; Johnson, 2004). Cross sections from the southeast basin show that the 
thickness of the basin fill is approximately 2-3 km which work well with the regional 
depths of other basins associated with Late Mesozoic extension (Figure 7). Three 
different heat flow histories were compiled to test models for the East Gobi basins 
(Johnson, 2004) and Songliao basin (REF) and are used in our study. Three hundred and 
fifty meters of Latest Jurassic/Early Cretaceous volcanics is interpreted to underly the 
Early Cretaceous sedimentary fill. For each of these heat flows an average Lower  
Cretaceous stratigraphic thickness of 2,500 m will be used and is based on the average 
depth in the cross sections of the Chifeng basins. 
Additional overburden of eroded Early and Late Cretaceous fill will be added to 
the total basin thickness. Late Cretaceous deposits range from less than 250 m to 1,500 m 
thick in the Yingen, Erlian, Hailar and East Gobi basins (Meng et al., 2003). This variable 
will change the calculated maturity curve that we will plot vitrinite samples against thus 
making some tests more plausible than others. For each heat flow, we tested models using 
500 and 1,000 m of eroded Early and Late Cretaceous deposits. In addition a 20m thick 
post-extension basalt flow caps the remaining Early Cretaceous basin fill and has been 
dated at 71.83 +/- 1.59 Ma using a K-Ar whole rock method (Wang et al., 2004). 
 
Vitrinite Reflectance 
 
Because the extensional basins in northeast China and southern Mongolia have 
had large success producing major oil and gas fields such as the Songliao Basin, potential 
source rock samples were gathered for maturity analysis. By using existing regional heat 
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flow data and plotting the vitrinite samples onto a maturity curve using estimates of the 
stratigraphic locations of the samples, we can determine if our interpretations of basin 
thickness are plausible.   
Vitrinite analysis was performed by National Petrographic Service, Inc. in 
Houston, Texas, U.S.A. using samples located in facies associations FA1 and FA2 
indicate that depth of burial was too little to initiate the production of gas and oil within 
organic-rich coals and mudstones. Sample 04CF58 was collected in facies association 
FA1 near the base of measured section 6, an open pit coal mine, located near the city of 
Pingzhuang in the northernmost portion of the southeast basin. It was taken from an 
approximately 50 meter thick package of interbedded sandstone and coal. The sample 
was ranked as B-grade sub-bituminous coal and had an Ro=0.47. It is estimated that this 
sample was from approximately 500m depth in the Early Cretaceous fill based on field 
and cross-section data.  Sample 04CF128 from facies association FA2 in the southern 
portion of the southeast basin at station 116 outcropped in a dominantly interbedded 
sandstone and conglomeratic package with organic rich coaly mudstone beds that were 
approximately 5 cm in thickness. This sample has a ranking of A-grade sub-bituminous 
coal and had an   Ro=0.59. Although this sample is still considered immature, the unit it 
was collected from is on the lowest boundary of the oil and gas generation window and 
could produce minor amounts of hydrocarbons. This sample is estimated to have been 
buried approximately 1000 m below the top of Early Cretaceous fill.  
 
70 
 
Regional Heat Flow 
 
Heat flow distributions in the adjacent Songliao basin as calculated by (Lee, 
1986) were determined at the southeast uplift within the basin. This is located 
approximately 150-250 km from the Chifeng basins and will be the lowest heat flow data 
used in our models. During the Late Cretaceous heat flow is estimated between 76 and 78 
m mWm-2 and is between 72 and 75 m mWm-2 during the Early Tertiary in the Songliao 
basin.  
Because the Songliao basin differs in many ways from other basins within this 
region, including stratigraphic thickness and subsidence history, additional heat flows are 
tested from basins with similar characteristics to those near Chifeng. Heat flows from 
Johnson (2004) are used for high and moderate heat flow experiments. These heat flows 
were used in interpreting the subsidence history of the East Gobi Basin, located 
approximately 550-600 km northwest of the Chifeng area. The high heat flows in both 
the high and moderate heat flow models are used to correspond with magmatic events of 
the late Jurassic/Early Cretaceous (Johnson, 2004). The high experiment has heat flows 
of 90 mWm-2 from 150-133 Ma, 110 mWm-2 from 133-100 Ma, 100 mWm-2 from 100-55 
Ma, 70 mWm-2 from 55-1 Ma, and 55 mWm-2 at present (Johnson, 2004). The moderate 
experiment has heat flows of 75 mWm-2 from 150-133 Ma, 90 mWm-2 from 133-125 Ma, 
85 mWm-2 from 125-100 Ma, 75 mWm-2 from 100-55 Ma, 60 mWm-2 from 55-1 Ma, and 
55 mWm-2 at present (Johnson, 2004). 
In order to test whether or not our burial models are reasonable, we plotted the 
maturity curve against the minimum depth of maximum burial of the coal samples that 
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were collected and analyzed for vitrinite reflectance. In situations where the sample Ro 
correlate well to the heat flow curve, hypotheses of burial and subsidence history can be 
considered as possibilities. 
Using a Latest Jurassic/Early Cretaceous volcanic deposit thickness of 350 m, an 
Early Cretaceous basin fill depth of 2,500 m, Early to Late Cretaceous eroded deposits of 
500 m, and 1000 m, capped by a 20 m thick volcanic flow, and the heat flows from the 
Songliao basin, two models were developed for subsidence in the Chifeng basins. The 
model using 500 m of eroded deposits yield a maturity curve in which the vitrinite 
samples are slightly to the right of the maturity curve (Figure 29). The 1,000 m of eroded 
deposits yields a curve where the vitrinite reflectance samples are slightly left of the 
maturity curve (Figure 29).  
Using the high heat flow from the East Gobi Basin models (Johnson, 2004) with 
the same set of stratigraphic thicknesses as in the previous experiment results show that 
the 500 m of eroded deposits are a close fit of the vitrinite reflectance samples to the 
maturity curve (Figure 29). The 1,000 m model shows that the vitrinite reflectance 
samples are substantially left of the maturity curve (Figure 29). 
The final experiment using the same data as the East Gobi Basins (Johnson, 2004) 
show that the 500 m of eroded deposits create a scenario where the vitrinite reflectance 
samples plot far right of the maturity curve (Figure 29). The model using 1000 m shows 
that the vitrinite reflectance samples are a near fit to the maturity curve (Figure 29).  
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The three heat flow parameters used in modeling the subsidence history and 
maturity curves for the Chifeng Basins represent heat flows previously used in the region, 
two of which, used by Johnson (2004) in the East Gobi Basins, take into account the  
magmatic and tectonic history of the area during the Early Cretaceous. Using  
stratigraphic estimates based on cross-section and regional data we tested several 
scenarios that could describe the heat flow and subsidence history of these basins. Results 
show that using a basin depth of 3,370 m, including 350 m of Latest Jurassic/Early 
Cretaceous volcanics, 2,500 m of Early Cretaceous sedimentary fill, 500 m of eroded 
Early and Late Cretaceous sedimentary deposits and a 20 m cap of basalt the vitrinite 
reflectance samples in each of the three experiments are to the right of the maturity curve 
at varying distances. In the second scenario tested with each experiment we add an 
additional 500 m of overburden, for a total of 1000 m, which is eroded. For these three 
scenarios the vitrinite reflectance samples plot to the left of the maturity curve, with the 
closest fit using the moderate experiment of Johnson (2004). 
These results show that regardless of heat flow, at least 500 m and less than 1000 
m of additional overburden is required in the basin model to attain the correct heat flow 
to bring the analyzed vitrinite reflectance samples to the conditions they were under at 
their estimated burial depths. Either the estimates of the locations of samples 04CF58 and 
04CF128 within the existing stratigraphic sequence are underestimated, the total 
thickness and the locations of these samples were underestimated, an additional 500 to 
1000 m of overburden once existed above the locations of these samples and was eroded, 
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or there was some combination of these three possibilities that resulted in additional 
burial of sample 04CF58 and 04CF128.    
The majority of subsidence in these models is during the Early Cretaceous. This is 
supported by the sedimentary deposits observed and dated as Early Cretaceous through 
palynology. In the Late Cretaceous the deposition of up to 1000 m of eroded sediment 
caused additional subsidence in these basins. The addition and erosion if these deposits is 
supported by the presence of between 250-1500 m of Late Cretaceous deposits in other 
half-graben basins in northeast China and southern Mongolia (Graham et al., 2001; Cope, 
2003; Meng et al., 2003; Johnson, 2004). 
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DISCUSSION 
 
 
Structural Setting 
 
 Models describing the development and characteristics of 
supradetachment and half-graben style basins were pioneered by Friedmann and Burbank 
(1995) and Leeder and Gawthorpe (1987). Based on the structural geometries and rates of 
extension characterized by each of these extensional styles, the sedimentological 
framework of each basin type is expected to contrast in a predictable fashion (Friedmann 
and Burbank, 1995). Supradetachment basins are formed in high magnitude extensional 
regimes and are deposited over detachment faults. These faults are low-angle and 
commonly corrugated (Friedmann and Burbank, 1995). Extension along detachment 
faults typically have high slip rates, greater than 2 mm/yr, with a majority of extension 
taking place in less than 10 my (Friedmann and Burbank, 1995). The amount of extension 
accommodated along detachment faults is often over 100 percent (Friedmann and 
Burbank, 1995). The basins above the detachment faults, referred to as supradetachment 
basin, are thin deposits, usually less than 3 km to the basement. Sediment deposited into 
supradetachment basins are dominated by coarse clastics from alluvial fans and slide 
blocks (Friedmann and Burbank, 1995). Major drainages are perpendicular to the basin 
bounding fault and deposit these coarse sediments in the depocenter, located in the center 
of the basin, distally to the bounding fault (Friedmann and Burbank, 1995). A majority of 
sediment deposited into the basin is derived from the footwall of the fault (Friedmann and 
Burbank, 1995). In contrast, half-graben basins contrast greatly to supradetachment 
basins in both sedimentary style and the faults that bound them (Figure 30). The faults  
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Figure 30. Block diagram illustrating the geometric differences expected in supradetachment 
and half-graben basins (modified from Friedmann and Burbank, 1995). 
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that bound half-graben basins are high-angle and have rotated hanging walls (Leeder and 
Gawthrorpe, 1987). Extension across half-graben basins is small, commonly under 20 
percent total extension with a duration of extension that is usually long-lived, from 30 to 
40 my (Friedmann and Burbank, 1995). Basin fill within half-grabens is dominated by 
hanging wall derived sediment with footwall derived alluvial fan deposits that are 
deposited proximally to the bounding fault due to high rates of subsidence (Leeder and 
Gawthorpe, 1987). Because the highest rates of subsidence are located near the bounding 
fault, the facies packages are asymmetrically distributed across the basin (Leeder and  
Gawthorpe, 1987). Axial drainages and lacustrine deposits are common in half-graben 
basins, with finer grained deposits dominating rather than the course, footwall derived, 
deposits of supradetachment basins (Friedmann and Burbank, 1995).      
 The stratigraphy of the Chifeng basins show convincingly that these basins are of 
half-graben origin based on multiple lines of evidence in the style and geometry of 
sediment deposition. No evidence was found to support high-magnitude extension with 
top-to-northeast extension within either the northwest or southeast basins. Additionally, 
paleocurrents from F4 in distal portions of the southeast basin show that there were 
sediments being transported from the hanging wall of the basin bounding Louzidian fault 
by fluvial systems. Paleocurrent data show that the paleoflow in FA1, FA2 and FA3 
during the Early Cretaceous was to the north-northwest in the northwest basin and south-
southeast in the southeast basin, inferring that alluvial fan deposits were derived from the 
Maanshan uplift. If this area experienced high-magnitude top-to-northeast extension 
during the Early Cretaceous as suggested by Wang et al. (2004), paleocurrent directions 
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should show strong north-northeast flow directions towards a depocenter that trended 
northwest-southeast. 
 Clast composition from conglomerates in FA2 and FA3 clearly show that these 
deposits are derived from the rock types exposed in nearby footwall outcrops of the basin 
bounding faults in the Maanshan uplift.  Point count data show similar traits and are 
locally derived dominantly from plutonic and volcanic origins.  Clast size decreases 
rapidly from the proximal fault bounded alluvial fan deposits to distal outer fan and 
hanging wall derived fluvial deposits, suggesting these basins are of half-graben 
geometry (Friedmann and Burbank, 1995).  Friedmann and Burbank (1995) expect 
overall clast size to be predominantly coarse, consisting of dominantly alluvial fan and 
mass wasting deposits far into supradetachment basins, due to the central location of the 
depocenter within the basin. 
 The bounding faults of the northwest and southeast basins provide further 
evidence that these basins are of half-graben geometry.  Fault dips range primarily from 
moderate to high-angle (30-72°) with few exposures reported between 10-24° (Han et al., 
2001).  These dips are generally too high-angle to compensate the large magnitudes of 
extension necessary to classify an area as a metamorphic core complex or 
supradetachment basin.    
 Mylonitic sub-horizontal lineations cannot be related to either the basin bounding 
faults or the basin fill within the northwest and southeast basins.  There is no indication 
within the basin fill in paleocurrent, facies patterns, or fault bounded margins that 
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indicate high magnitude extension occurred in this location during the Early Cretaceous.  
Dip-slip indicators along both basin bounding faults correlate with the sedimentary fill.   
 The characteristics observed in the Chifeng basins correlate well with other basins 
described within this region of the same age. The presence of Late Jurassic aged 
volcanics that floor many of these basins, the overall geometry, thickness, and orientation 
of individual basins, and the depositional style of sediments within these basins all 
suggest that the Chifeng basins are part of the same group of half-graben basins that 
developed in the Late Mesozoic and are not supradetachment basins as described by 
Wang et al. (2004).  The hypotheses for the development of the Louzidian fault along a 
preexisting plane of weakened mylonitic crust presented by Han et al. (2001) and Zhang 
et al. (2002) is a viable explanation for the presence of mylonitic rocks near Chifeng.   
 
Regional Basin Characteristics 
 
 As many as two hundred basins and sub-basins exhibiting low-magnitudes of 
extension of Late Jurassic through Early Cretaceous age are present throughout northeast 
China and southern Mongolia (Graham et al., 2005) (Figure 1).  Of the interpreted Late 
Mesozoic basins, sedimentary architecture, paleocurrent and provenance data concur with 
the northwest-southeast extension that classifies the extensional regime.  The basins are 
filled with non-marine sediments having facies associations including alluvial fan, 
fluvial, lacustrine, and voluminous volcanic deposits. Table 1 provides characteristics of 
half-graben and supradetachment basins across this region.   
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 The shapes of these basins are elongate with lengths and widths that range 
between 10-100+ km and 5-30 km, respectively. Basin  bounding faults have dips that 
range between 20-70 degrees.  Extensional basins within this region have sedimentary 
sections that are less than 5 km in thickness and generally are between 1-3 km thick 
(Cope, 2003). 
Many of the basins in this region are floored by Late Jurassic and Early 
Cretaceous volcanics.  These deposits are likely pre- and early-extensional deposits and 
are not only present at the base of these basins, but are also broadly distributed adjacent 
to the basins (Cope, 2003; Meng, 2003).  Compositionally, the volcanic rocks in this  
region range from bimodal to dominantly adakitic andesite and rhyolite.  Thicknesses of 
Late Jurassic and Early Cretaceous volcanic rocks in northeast China approach 4 km 
(Cope, 2003).  Other pre-extensional deposits vary in composition and thickness 
throughout northeast China and Mongolia.  They often include basal alluvial fan wedges 
overlain by braided and meandering fluvial deposits as well as lacustrine rocks.  These 
pre-extensional rocks are interpreted in the East Gobi basins as foreland basin deposits 
associated with Middle to Late Jurassic shortening (Hendrix et al., 1996; Cope, 2003).  
The Shanzuizi and Jianchan basins are small half-graben basins located 
approximately 50 km and 75 km to the southeast (respectively) of the Chifeng Basins. 
They are small nonmarine, coal bearing basins that exhibit many of the same 
characteristics as the northeast and southwest Chifeng basins. These basins are bound by 
southwest - northeast trending moderate to high-angle normal fault that placed the Early  
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Cretaceous basin fill against Proterozoic carbonates and Jurassic volcanics (Cope, 2003).  
These basins are floored by pre-extensional volcanic and volcaniclastic strata, as are the 
Chifeng basins (Cope, 2003).  The fault-bounded portion of the deposits within these 
basins are flanked by coarse, poorly sorted conglomerates that transition to finer grained 
fluvial and marginal lacustrine rocks away from the faults, towards the center of the basin 
(Cope, 2003).  Clast composition shows that these conglomerates are sourced from the 
footwall of the basin bounding faults (Cope, 2003).  The total thickness of sedimentary 
fill in the Jianchan is approximately 1 km (Cope, 2003).  The hanging wall margin of the 
basin is poorly exposed, but where visible is composed of lacustrine shale, and 
underlying meandering fluvial sandstone (Cope, 2003).   
 The Erlian Basin, located approximately 200 km west of the Chifeng basins, 
shares similar characteristics to the other basins of this extensional regime.  The synrift 
stratigraphy within the Erlian basin is generally about 3-4 km thick (Meng et al., 2003).  
Basal portions of the section are composed of dominantly alluvial and fluvial deposits 
with few bimodal volcanics (Meng, 2003).  Although the volcanic deposits are at the base 
of the basin fill, they are also broadly distributed in highs outside the Erlian basin also, 
suggesting their deposition might not be completely controlled by Early Cretaceous 
normal faulting (Meng, 2003).  Upper portions of the section continue to be dominated by 
fluvial and alluvial deposits although few lacustrine deposits are documented (Meng, 
2003). 
 The Hailar basin is floored by Late Jurassic voluminous andesitic basalt and has 
similar sedimentological characteristics as the Erlian basin.  Alluvial, fluvial and volcanic  
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deposits are dominant in the Late Jurassic section.  Early Cretaceous fluvial and 
lacustrine deposits become prevalent moving up-section.  
The onset of rifting in the East Gobi Basin began before 155 Ma (Graham et al., 
2001) with a basal conglomerate wedge, fining upward to fluvial and lacustrine 
sandstones and mudstones.  The synrift basin deposits are separated into distinct 
unconformity bounded sequences resulting from the episodic faulting and volcanism 
throughout the Cretaceous.  These unconformities are overlain by conglomeratic 
packages that fine upwards to dominantly fluvial sandstones and mudstones.  Basin 
modeling shows that the highest sedimentation and subsidence rates are Early Cretaceous 
in age, consistent with extension throughout this region (Johnson, 2004).   
Major unconformities at the end of the Early Cretaceous are present in these 
basins, marking the cessation  of extension.  Unconformities are present in the Yingen 
basin in marking the onset and end of synrift deposition as in the Erlian basin.  These 
deposits are relatively thin, ranging from 150-1500 m thick and commonly have basal 
basalt flows overlain by alluvial and fluvial deposits.  In the East Gobi Basin an inversion 
is interpreted in seismic data as a wedge of sediment that was eroded off of an antiform 
near the basin depocenter.  Upper Cretaceous postrift sediment overlies and onlaps the 
uppermost synrift sequence. 
Some basins that formed within the geographical boundaries of the Late Mesozoic 
extension in northeastern China and southern Mongolia have characteristics that are 
dissimilar to the previously mentioned half-graben basins.  One of these basins is the 
Songliao Basin, located in northeastern China.  This basin is a large intracratonic rift that 
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comprises an area of approximately 260,000 km2.  It is the second largest and one of the 
oldest petroleum-producing regions in China (Klett et al., 1997).  The tectonic history of 
the Songliao Basin has been quite well constrained by numerous studies (Lee, 1986; Klett 
et al., 1997; Ryder et al., 2003).  During the Late Jurassic and Early Cretaceous rifting 
and volcanism was concurrent with the oldest basin fill in Songliao (155-144 Ma) (Ryder 
et al., 2003).  For the next 4 million years (144-140 Ma) uplift and erosion created a brief 
depositional hiatus within the basin (Ryder et al., 2003).  Up to 5,900 meters of sediment 
was then deposited into the basin during the Early Cretaceous to early Late Cretaceous 
(140-75 Ma) filling accommodation space created by post-rift subsidence (Ryder et al., 
2003).  In the Late Cretaceous to Tertiary (75-65 Ma) compression and uplift was 
dominant in the basin followed by minor subsidence up to the present day.   
Although this basin displays many similar characteristics of other basins within 
the region of late Jurassic and Early Cretaceous extension, there are few differences in 
the later development of Songliao that affect interpretations of the mechanisms 
responsible for extension.  The most important difference is that the Songliao Basin 
experienced significant thermal subsidence that persisted through the Late Cretaceous 
(Meng, 2003).  This subsidence allowed as much as 6 km of additional sedimentary fill 
into the basin and explains its unusually thick stratigraphic sequence.      
The Hohhot metamorphic core complex located in the Daqing Shan belt of Inner 
Mongolia is an example of high-magnitude extension during the Early Cretaceous.  Both 
the basin record and structural development of the core complex have been well 
documented (Davis et al., 2002; Berry, 2003).  The master detachment dips to the south 
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between 15 and 30 degrees and represents a minimum of 40 km of extension (Davis et 
al., 1998, 2002).  
The stratigraphy within the segmented syn-extensional basins, are dominantly 
conglomeratic, representing mass wasting events in an alluvial fan setting (Berry, 2003).  
Angular unconformities are common within the basin fill.  Within these basins the syn-
extensional strata show southerly directed paleocurrents, consistent with the overall 
extensional direction in the region and are derived from the metamorphic footwall of the 
fault (Berry, 2003).  Ages within the basin are concurrent with the low-angle normal 
faulting (125.2+/-0.7 ma, 125.7+/-0.6 Ma and 125.8+/-0.6 Ma) (Berry, 2003).  
Furthermore, the sediment directly overlies the master fault and is cut by additional 
normal faults as a result of top-to-southeast extension. 
 The Yagan-Onch Hayran metamorphic core complex is exposed near the China-
Mongolia border in Inner Mongolia, China.  The formation of this metamorphic core 
complex is further evidence that high-magnitude extension shortly followed the cessation 
of Jurassic shortening.  40Ar/39Ar dates gathered from biotites in metamorphic rocks 
below the detachment yielded ages ranging from 129 to 126 Ma and are interpreted to 
represent the timing of deformation and cooling following Early Cretaceous plutonism 
within the core complex (Webb et al., 1999).  The detachment shows a top-to-south-
southeast directed shear sense using sub-horizontal stretching lineations that plunge in the 
same direction (Webb et al., 1999).  Crystalline rocks that compose the metamorphic core 
trend to the northeast and define an area approximately 60 km long by 20 km wide 
(Webb et al., 1999).  Both the trends of the metamorphic core and the direction of 
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extension within this complex correlate well with the regional extension during the Late 
Mesozoic.   
 The syn-extensional nonmarine deposits within the basin are several hundred 
meters thick (Webb et al., 1999).  The sedimentary sequence is very coarse grained 
clastic strata which show and unroofing trend in clast type with the lower deposits 
composed dominantly of volcanic rocks and the upper deposits consisting of a mix of 
clast types including metamorphic rocks (Webb et al., 1999).   
 
Mechanisms for Regional Extension 
 
 Given the similarities within the Late Mesozoic extensional basins in northeast 
China and southern Mongolia, both in timing, development, geometry, and orientation, 
we can infer that they formed due to common mechanisms.  Several mechanisms have 
been proposed to explain the Late Mesozoic extension within this region.  These 
mechanisms include gravitational collapse of overthickened crust, backarc extension 
associated with the subduction of the Paleo-Pacific Plate, oblique subduction of the 
Izanagi Plate, slab rollback and breakoff of the Mongol-Okhotsk oceanic slab, backarc 
extension behind an arc that faced the Mongol-Okhotsk ocean and escape tectonics 
associated with continent-continent collision in the southern margin of Asia (Graham et 
al., 2001; Meng, 2003).     
 Contractional events both in the Paleozoic and Early to Middle Mesozoic caused 
significant crustal thickening.  Graham et al. (2001) suggest that the closure of the 
Mongol-Okhotsk Seaway could have caused further crustal thickening preceding the 
Latest Jurassic and Cretaceous extension.  This contraction could have resulted in the 
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development of a widespread plateau within the region as suggested by Graham et al. 
(2001), Meng (2003), and Yin and Nie (1996).  
Within 4 million years after shortening ceased (Davis et al., 2002) high-
magnitude extension developed metamorphic core complexes, recorded in the Daqing 
Shan and Hure-Onch Hayrhan (Webb et al., 1999; Johnson et al., 2001; Davis et al., 
2002; Berry, 2003).  Furthermore, low-magnitude extension in the East Gobi Basin 
occurred within a few million years of the preceding contraction (Graham et al., 2001).  
Given the concordance between the cease in contractional deformation and the initiation 
of extension, it seems that gravitational collapse is a likely source of extension within 
northeast China and southern Mongolia, specifically within highly shortened terrains.   
Backarc extension associated with the subduction of the Paleo-Pacific Plate 
beneath Asia is a common mechanism attributed to the Late Mesozoic extension in this 
region.  Although slab rollback could easily affect the easternmost edges of Asia, it is 
unlikely that rollback could drive extension as far west as 2,300 km into Mongolia and 
China (Meng, 2003).  Oblique subduction of the Izanagi Plate during the Late Mesozoic 
could have also hindered the westward propagation of extension due to slab rollback 
during this time.  Meng (2003) explains that the subduction of the Izanagi Plate caused 
sinistral transpression in the eastern portions of the North China-Mongolia terrenes.  This 
sinistral movement could have created a barrier, transferring stresses along this zone 
rather than farther to the west.  For these reasons it is worth considering alternative 
mechanisms for extension outside of the easternmost portions of China and Mongolia.   
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 Meng (2003) attributes the majority of Late Mesozoic extension in northeast 
China and southern Mongolia to the subduction and progressive breakoff of the Mongol-
Okhotsk oceanic slab along with slab rollback of the subducting Paleo-Pacific Plate.  The 
remnants of the Mongol-Okhotsk oceanic slab are visible using seismic tomography to 
the west of Lake Baikal (Van der Voo et al., 1999).  In Meng’s (2003) hypothesis, 
extension in the Siberian block took place initially due to slab rollback north of the 
Mongol-Okhotsk subduction zone.  As the Siberia block extended, the combined North 
China-Mongolia block contracted as a result of their collision, creating a high-standing 
plateau.  In the Late Jurassic the downward movement of the dense oceanic slab caused 
lithospheric stretching initiating alkali magmatism and extension on the plateau (Meng, 
2003).  Extensive Late Jurassic and Early Cretaceous plutonism is observed, implying the 
presence of ponded magma within the crust (Meng, 2003).  During this time period 
extension was at its climax within the region, suggesting that extension could have been 
caused by the thermal softening and stretching of the previously thickened crust by 
upwelling of magmas due to the progressive breakoff of the Mongol-Okhotsk oceanic 
slab, aided in the east by slab rollback of the Paleo-Pacific Plate  (Meng, 2003).   
 If a high-standing plateau was present as inferred by Yin and Nie (1996), Graham 
et al. (2001), and Meng (2003), the combination of pre-Late Mesozoic tectonics and the 
rollback and the breakoff of the Mongol-Okhotsk oceanic slab, along with Paleo-Pacific 
subduction, could serve as a viable driving force for gravitational collapse.    
 During the Mesozoic the South China, Qiantang, and Lhasa blocks were accreted 
to the southern margin of Asia (Enkin et al., 1992).  As in the well studied India-Asia 
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collision (Tapponnier et al., 1982) it is suggested that escape tectonics driven through 
strike-slip faulting and associated transtensional basins could be responsible for extension 
in Mongolia (Graham et al., 2001).  This is an additional hypothesis although little 
evidence is provided to support this suggestion.  
 
Insight from the Chifeng Area 
 
The volcanic samples collected and analyzed from the Chifeng area suggest that 
these rocks developed as a result of plate subduction, arc magmatism and a resulting 
collisional event.  Samples plotted in the Nb-Y discrimination diagram indicate that these 
rocks lie on the border between volcanic-arc or collisional magmatic origin.  The same 
trends are apparent in the Rb-(Y+Nb) discrimination diagram. 
The amalgamation of China involved the collision of numerous terranes (Enkin et 
al., 1992).  The Permian collision between the Mongolia terranes and the North China 
Block and the Mesozoic collisions between the North China and South China Blocks, the 
Tarim/Qaidam and Kunlun Qiantang Blocks, the Kunlun Qiantang and Lhasa Blocks, and 
the Siberia and the amalgamated Mongolia/North China Blocks (Enkin et al., 1992) all 
share tectonic settings in common that could be responsible for the trace element 
signatures found in the Nb-Y and Rb-(Y+Nb) diagrams.  Of these collisions only the 
closure of the Mongol-Okhotsk ocean and the eventual collision of the Siberia and 
amalgamated Mongolia terranes/North China Blocks have the temporal and spatial 
relationships necessary to create the Latest Jurassic and Early Cretaceous volcanic rocks 
analyzed near Chifeng. Furthermore, rocks of similar composition and age floor and 
surround the half-graben basins of this region (Cope, 2003; Meng, 2003).   
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Evidence for the closure of the Mongol-Okhotsk Ocean and the collision of the 
Mongolia/North China Block and Siberia is found within Mongolia and Russia along the 
Mongol-Okhotsk suture.  Rock types described in this area include middle to late 
Paleozoic and Early Mesozoic granites, Middle to Late Jurassic magmatics associated the 
collision of Siberia and Mongolia/North China, Permian, Triassic and Early Jurassic 
passive margin sediments derived off Mongolia/North China and Early Cretaceous 
volcanism (Zorin, 1999).  The main collisional event, during the Middle and Late 
Jurassic, involved thrusting, folding and magmatism which produced the suture zone and 
a widespread crustal thickening event (Zorin, 1999).  After the cease of compression, 
gravitational collapse began, resulting in the formation of widespread metamorphic core 
complexes and half-graben basins (Zorin, 1999; Meng, 2003).  Early Cretaceous 
volcanism of both calc-alkaline and sub-alkaline compositions are present surrounding 
the suture zone and give way to younger alkaline basalts (Zorin, 1999).   
Subduction direction was dominantly to the north, under Siberia (Van der Voo et 
al., 1999; Zorin,1999).  However, subduction was probably also directed to the south 
under Mongolia according to Van der Voo et al. (1999).  As the oceanic slabs between 
these two terranes subducted and broke off (Van der Voo et al., 1999), magmatic 
underplating of the previously overthickened crust could have resulted in the triggering of 
extension at a regional scale (Meng, 2003).  Volcanic rocks of similar origin are found 
throughout the region underlying and interbedded within extensional basins (Cope, 2003; 
Meng, 2003; Meng at al., 2003).  Additionally, Early Cretaceous plutonic rocks are 
present throughout northeast China and Mongolia in close association with extensional 
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basins (Davis et al., 2001; Meng, 2003).  The oblique subduction of the Paleo-Pacific 
Plate could have created additional Late Mesozoic extension at the eastern margin of the 
region via slab-rollback as suggested by Meng (2003) (Figure 31).   
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Figure 31. Block diagram illustrating possible tectonic mechanisms for Early 
Cretaceous extension in northeast China and southern Mongolia. Subduction along the 
Mongol-Okhotsk suture likely included south-dipping oceanic plates at points during 
the ocean closure (Van der Voo et al., 1999). SL = Songliao basin and is likely subject 
to additional influences from Paleo-Pacific Plate subduction (modified from Meng, 
2003). 
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CONCLUSIONS 
 
The data collected in the basins flanking the Maanshan Uplift, located near 
Chifeng in Inner Mongolia, China, do not support the development of a Late Mesozoic 
metamorphic core complex as described by Wang et al. (2004).  The stratigraphic 
characteristics in these basins provide strong evidence for half-graben basin geometries.  
The geometry and sedimentary architecture strongly resemble this extensional style 
(Gawthorpe and Leeder, 1987) and share few characteristics with supradetachment basins 
(Friedmann and Burbank, 1995).  Additionally, these basins share similar characteristics 
to other half-graben basins of the same age within this region of northeast China and 
southern Mongolia, including voluminous Late Jurassic volcanics that floor the basins, 
similarities in geometric dimensions, orientation, and depositional styles of sediment into 
these basins.  Given these similarities it is likely that these basins also share similarities in 
tectonic drivers for the extension that created them.   
The sediments in the Chifeng basins are Early Cretaceous based on new 
palynology performed on organic-rich mudstones in the basin fill.  These ages correlate 
with previous fossil ages presented in Wang et al. (2004).  These Early Cretaceous basin 
deposits are syn-extensional, in association with the development of the Maanshan uplift . 
Common footwall lithologies are also abundant in the sedimentary detritus shed into the  
basin.  Overall maximum clast size decreases in alluvial fan deposits moving from 
proximal to distal locations.  Paleocurrent directions in these deposits are perpendicular 
to the trends of the bounding fault, implying hanging wall and footwall derived 
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drainages.  Deposits that fringe the bounding faults lap onto and are cut by the fault 
exposures.   
According to subsidence history and heat flow plots it is likely that a significant 
portion of basin fill, possibly including syn- and post-extensional deposits, have been 
eroded since their deposition.  The highest rates of subsidence took place during the early 
Cretaceous and indicate extension. 
Volcanic samples collected in and around the Chifeng basins are of felsic and 
intermediate compositions.  They are likely associated with arc magmatism and 
collisional tectonic settings.  It is possible that magmatic underplating took place after the 
collision of the Siberia and accreted Mongolia-North China terranes along the Mongol-
Okhotsk suture due to the breakoff of the associated subducted oceanic slab (Van der 
Voo et al., 1999; Graham et al., 2001; Meng, 2003).  Crust that was overthickened during 
Jurassic contraction extended due to gravitational collapse aided by the magmatic 
activity.  Additionally, the subduction of the Paleo-Pacific Plate caused slab-rollback 
along the eastern margin of the Late Mesozoic extensional region of northeast China and 
southern Mongolia aided in Early Cretaceous extension.   
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APPENDIX A 
 
Appendix Explanation 
 
List of measured section and station data including date collected, location, elevation, outcrop 
lithology, grain size and roundness.   
101 
 
 
STATION OR 
SECTION/ 
TAPE 
NUMBER 
DATE 
COLLECTED NORTHING EASTING ELEV. (m) LITHOLOGY GRAIN SIZE ROUNDNESS 
Station 1 5/4/2004 41° 32.265' 118° 44.751'   Gcb 
gravel to 
boulder   
Measured 
Section 1, 
Tape 1 5/7/2004 42° 01.601' 118° 54.146'   Gcm/ms 
pebble to 
cobble 
sub-angular to 
rounded 
Tape 2 5/7/2004       ""   
rounded to 
well-rounded 
Tape 3 5/7/2004       "" 
ca sa to 
cobble 
sub-rounded to 
rounded 
Tape 4 5/7/2004       ms/ss/Gcm 
mud to 
boulder   
Tape 5  5/7/2004       "" ""   
Station 2  5/7/2004 42° 01.288' 118° 53.885' 913 Gmm 
pebble to 
cobble   
Station 3 5/7/2004 42° 01.339' 118° 53.972' 919 Gmm 
pebble to 
cobble   
Station 4 5/8/2004 42° 08.478' 119° 02.026' 608 Gcm  
pebble to 
boulder   
Station 5 5/8/2004 42° 08.185' 119° 09.489' 633 Gmm 
pebble to 
boulder angular? 
Measured 
Section 2, 
Tape 1 5/9/2004 41° 32.616' 118° 45.177' 743 int ss/Gcm 
pebble to 
boulder 
rounded to 
well-rounded 
Tape 2 5/9/2004       
int 
ms/ss/Gcm     
Tape 3 5/9/2004       ss/Gcm 
pebble to 
cobble 
rounded to 
well-rounded 
Tape 4  5/9/2004       Gcm 
pebble to 
boulder 
rounded to 
well-rounded 
Tape 5  5/9/2004       Gcm/ss 
pebble to 
boulder "" 
Tape 6 5/9/2004       Gcm 
pebble to 
boulder "" 
Tape 7 5/9/2004       "" "" "" 
Tape 8 5/9/2004       "" "" "" 
Tape 9 5/9/2004       "" "" "" 
Tape 10 5/9/2004             
Tape 11 5/9/2004             
Tape 12 
5/9/2004       Gcm/ss 
med 
sa/pebble to 
boulder 
rounded to well 
rounded 
Tape 13 5/9/2004       Gcm  
pebble to 
boulder "" 
Tape 14 5/9/2004       "" "" "" 
Tape 15 5/9/2004       "" "" "" 
Tape 16 5/9/2004       "" "" "" 
Tape 17 5/9/2004       "" "" "" 
Tape 18 5/9/2004 41° 32.376' 118° 44.900' 774 "" "" "" 
Station 6 5/10/2004 41° 32.226' 118° 44.758' 768 ss/Gcm 
ca sa, pebble 
to cobble well rounded 
Station 7 5/10/2004 41° 26.736' 118° 43.762 751 Gcm   
sub-angular to 
rounded  
Station 8  
5/10/2004 41° 26.761' 118° 43.932' 759 Gcm/ss 
med 
sa/pebble to 
boulder 
rounded to well 
rounded 
Station 9 5/10/2004 41° 26.775' 118° 44.043' 765 Gcm 
pebble to 
boulder "" 
Station 10 5/10/2004 41° 26.813' 118° 44.146' 812 Gcm 
pebble to 
boulder "" 
Station 11  5/10/2004 41° 26.580' 118° 44.748' 767 Gcm 
pebble to 
boulder 
rounded to well 
rounded 
Station 12 5/10/2004 41° 26.578' 118° 44.922' 758 Gcm/ss 
ca sa/pebble 
to boulder 
rounded to well 
rounded 
Station 13 5/10/2004 41° 26.616' 118° 45.296' 751 Gcm 
pebble to 
boulder 
rounded to well 
rounded 
Station 14 
5/10/2004 41° 26.976' 118° 46.063' 711 ss/Gcm 
fi-med 
sa/pebble to 
boulder well rounded 
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Station 15 5/10/2004 41° 27.368' 118° 46.320' 718 ss  ca to med ? 
Measured 
Section 3,   
Tape 1 5/11/2004 41° 27.325' 118° 46.645' 695  ss/Gcm 
fi-ca/pebble 
to cobble   
Tape 2 
5/11/2004       ss 
med-
ca/gravel-
cobble   
Tape 3 5/11/2004       ms/ss med-ca sa   
Tape 4 5/11/2004       ss ca   
Tape 5  5/11/2004       ss/Gcm 
ca sa, pebble 
to cobble   
Tape 6 5/11/2004       ss 
fi-med 
sa/pebble     
Tape 7 5/11/2004       ms/ss med sa    well rounded 
Tape 8 
5/11/2004       ms/ss/Gcm 
fi-med 
sa/pebble to 
boulder   
Tape 9 5/11/2004       Gcm 
pebble to 
boulder well rounded 
Tape 10 
5/11/2004       ms/ss/gcm 
fi-med 
ss/pebble to 
boulder   
Tape 11 5/11/2004       ss med rounded 
Tape 12 
(cover) 5/11/2004             
Tape 13 
(cover) 5/11/2004             
Tape 14 
(cover) 5/11/2004             
Tape 15 5/11/2004 41° 27.506' 118° 46.504' 705 Gcm 
pebble to 
boulder well rounded 
Tape 16   
(same as 15) 5/11/2004             
Tape 17 
(cover) 5/11/2004             
Tape 18 
5/11/2004       Gcm, ss 
med 
sa/pebble to 
cobble 
angular to 
rounded 
Tape 19 5/11/2004       Gcm  
pebble to 
boulder   
Tape 20 5/11/2004       Gcm "" "" 
Tape 21 5/11/2004       ss/Gcm 
pebble to 
boulder   
Tape 22 5/11/2004 41° 27.621' 118° 46.485' 706 Gcm 
pebble to 
boulder   
Measured 
Section 4, 
Tape 1 5/12/2004 41° 32.376' 118° 54.953' 689 Gcm 
pebble to 
boulder rounded 
Tape 2 5/12/2004       Gcm "" "" 
Tape 3 
(cover) 5/12/2004             
Tape 4 5/12/2004       Gcm "" "" 
Tape 5  5/12/2004       Gcm "" "" 
Tape 6 5/12/2004       Gcm "" "" 
Tape 7 
(cover) 5/12/2004             
Tape 8 
(cover) 5/12/2004             
Tape 9 5/12/2004       ss fi-ca 
angular to 
sub-rounded 
Tape 10 5/12/2004       ss fi-ca   
Tape 11 5/12/2004       ss fi-ca   
Tape 12 5/12/2004             
Tape 13 
(cover) 5/12/2004             
Tape 14 5/12/2004       ss/ms fi   
Tape 15 
(cover) 5/12/2004             
Tape 16 5/12/2004       ms/ss med-ca   
Tape 17 
(Strike line 
shot) 5/12/2004             
Tape 18 5/12/2004       ss/ms ca-fi   
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Tape 19 5/12/2004       ss/ms ca     
Tape 20 
(cover)               
Tape 21 5/12/2004       ss/ms ca   
Tape 22 5/12/2004       ss/ms fi-med   
Tape 23 5/12/2004 41° 32.658' 118° 55.032'   ss  ca   
Tape 24 5/13/2004             
Tape 25 5/13/2004       ss med-ca   
Tape 26 5/13/2004       "" ""   
Tape 27 5/13/2004       "" ca rounded 
Tape 28 5/13/2004       "" "" "" 
Tape 29 5/13/2004       ss fi-ca   
Tape 30 5/13/2004       ss fi-ca   
Tape 31 
5/13/2004       Gcm/ss 
med 
sa/pebble to 
cobble   
Tape 32 5/13/2004       Gcm/ss 
med-ca 
sa/pebble rounded 
Tape 33 5/13/2004       ss/Gcm/Gmm 
med 
sa/pebble   
Tape 34 5/13/2004       ss ca   
Tape 35 5/13/2004       ss ca   
Tape 36 5/13/2004       ss ca   
Tape 37 5/13/2004       ss ca   
Tape 38 5/13/2004       ss/ms ca   
Tape 39 5/13/2004       ss/ms ca   
Tape 40 5/13/2004       Gcm/ss ca/pebble   
Tape 41 5/13/2004       "" ""   
Tape 42 5/13/2004       "" ""   
Tape 43 5/13/2004       ss ca   
Tape 44 5/13/2004       "" ""   
Tape 45 5/13/2004 41° 32.939' 118° 54.833' 697 "" ""   
Tape 46 5/14/2004       ss ca   
Tape 47  5/14/2004       "" ""   
Tape 48 5/14/2004       "" ""   
Tape 49 5/14/2004       "" "" 
well rounded 
pebble lag 
Tape 50 5/14/2004       ss/ms ca   
Tape 51 5/14/2004       "" ""   
Tape 52 5/14/2004       "" ""   
Tape 53 5/14/2004       ss med-ca   
Tape 54 5/14/2004       ss fi-ca   
Tape 55 5/14/2004 41° 33.024' 118° 54.671' 745 ms/ss/vol ca   
Tape 56 5/14/2004 41° 33.407' 118° 54.810' 781 vol     
Tape 57 5/14/2004       vol     
Tape 58 5/14/2004       vol     
Tape 59 5/14/2004       vol     
Tape 60 5/14/2004       vol     
Tape 61 
(covered) 5/14/2004             
Tape 62 
(covered) 5/14/2004             
Tape 63   
(mostly 
covered) 5/14/2004       ms/Gcm 
pebble to 
boulder   
Tape 64 
(cover) 5/14/2004             
Tape 65  5/14/2004       vol     
Tape 66 
(cover) 5/14/2004             
Tape 67 
(cover) 5/14/2004             
Tape 68 5/14/2004       Gcm 
pebble to 
boulder rounded 
Tape 69 5/14/2004       Gcm/ss 
pebble to 
boulder/fi-ca rounded 
Tape 70 5/14/2004       Gcm/vol 
pebble to 
boulder rounded 
Tape 71 5/14/2004       vol     
Tape 72 5/14/2004       vol     
Tape 73 5/14/2004 41° 33.658' 118° 54.902' 913 vol     
Station 16 5/15/2004 41°32.003' 118° 55.610' 811 ss/ms fi-med   
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Station 17 5/15/2004 41° 32.054' 118° 55.346' 713 Gcm 
pebble to 
boulder rounded 
Station 18 5/16/2004 41° 34.195' 118° 55.383' 716       
Station 19 5/16/2004 41° 34.274' 118° 55.426' 698 Gcm/vol 
pebble to 
boulder   
Station 20 5/16/2004 41° 36. 152' 118° 55.252' 654 Gcm/ss 
med/pebble 
to cobble well rounded  
Station 21 5/16/2004 41° 35.984' 118° 55.323' 649 Gcm 
pebble to 
boulder rounded 
Station 22 5/16/2004 41° 36.135' 118° 57.260' 631 Gcm 
pebble to 
cobble   
Station 23 5/16/2004 41° 37.348' 118° 58.349' 639 ss v ca angular 
Station 24 5/16/2004 41° 35.384' 119° 02.930' 701 vol     
Station 25 5/17/2004 41° 36.101' 119° 07.402' 586 ss ca well rounded 
Station 26 5/17/2004 41° 37.877' 119° 07.117' 632 vol     
Station 27 5/17/2004 41° 36.014' 119° 07.416' 569 ss/Gcb fi-ca 
subrounded-
rounded 
Measured 
Section 5, 
Tape 1 5/17/2004 41° 39.153' 119° 05.341' 617 ss fi-ca 
sub-angular 
to sub-
rounded 
Tape 2 5/17/2004       ss fi-med 
angular to 
rounded 
Tape 3 5/17/2004       ss fi-ca sub-angular   
Tape 4 5/17/2004       ss ca   
Tape 5 
(cover) 5/17/2004             
Tape 6 5/17/2004       ss/ms ca   
Tape 7 5/17/2004       ss  ca   
Tape 8 5/17/2004       ss ca   
Tape 9 
(moves 
downsection) 5/17/2004       ss ca   
Tape 10 5/17/2004       ss/ms fi-ca   
Tape 11 5/17/2004       ss v fi- ca   
Tape 12 5/17/2004       ss ca-vca   
Tape 13 
(repeated 
section, fault) 5/17/2004             
Tape 14 
(repeated) 5/17/2004             
Tape 15 5/17/2004       ss v fi-med   
Tape 16 5/17/2004       "" ""   
Tape 17 5/17/2004       ss ca   
Tape 18 5/17/2004       ss v fi-ca   
Tape 19 5/17/2004       "" ""   
Tape 20 5/17/2004 41° 39.292' 119° 05.652' 624 ss fi-med   
Measured 
Section 6, 
Tape 1 5/18/2004 42° 01.015' 119° 13.439' 418 ss/coal fi-med   
Tape 2 5/18/2004       "" ""   
Tape 3 5/18/2004       sist/coal vfi   
Tape 4 5/18/2004       "" ""   
Tape 5 5/18/2004       sist/coal vfi   
Tape 6 5/18/2004       "" ""   
Tape 7 5/18/2004       vol     
Tape 8 5/18/2004       vol     
Tape 9 5/18/2004       vol     
Tape 10 5/18/2004       vol/coal     
Tape 11 5/18/2004       coal/ss med   
Tape 12 5/18/2004       coal/ss fi-ca   
Tape 13 5/18/2004       ss v fi   
Tape 14 5/18/2004       ss/coal fi-ca   
Tape 15 5/18/2004       ss/ms fi-med   
Tape 16 5/18/2004       "" ""   
Tape 17 5/18/2004       ss/ms fi-casa/pebble   
Tape 18 5/18/2004       "" ""   
Tape 19 5/18/2004       ss/ms med/ca   
Tape 20 5/18/2004       "" ""   
Tape 21 5/18/2004 42° 00.982' 119° 13.118' 576 ss/ms/Gcm 
med/pebble 
to boulder   
Station 28 5/19/2004 42° 01.245 119° 06.340' 670 Gcm 
pebble to 
boulder angular 
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Station 29 5/19/2004 41° 58.973' 119° 04.845' 674 Gcm 
pebble to 
boulder 
angular to 
rounded 
Station 30 5/19/2004 41° 58.859' 119° 04.772' 676 Gcm 
pebble to 
boulder 
angular to 
rounded 
Station 31 5/19/2004 41° 58.806' 119° 04. 715' 739 Gcm "" "" 
Station 32 5/19/2004 41° 57.355' 119° 04.037' 721 Gcm "" 
sub angular-
rounded 
Station 33 5/19/2004 41° 58.136' 119° 05.709' 712 Gcm/sa-ms 
pebble to 
cobble 
sub angular-
rounded 
Station 34 5/19/2004 41° 58.095' 119° 07.995' 694 ms     
Station 35 
5/20/2004 41° 55.069' 119° 04.375' 625 Gcm/ss 
fi-ca 
ss/pebble to 
cobble rounded 
Station 36 5/20/2004 41° 55.744' 119° 05.135' 656 Gcm 
pebble to 
boulder well rounded 
Station 37 5/20/2004 41° 52.146' 119° 04.160' 572 vol     
Station 38 5/20/2004 41° 52.374' 119° 03.869' 578 vol     
Station 39 5/20/2004 41° 54.564' 119° 02.770 624 ss ca-pebble   
Station 40 5/20/2004 41° 53.775' 119° 03.287 621 ss/Gcm  
ca/pebble-
boulder 
angular to 
sub-rounded 
Station 41  5/21/2004 41° 55.586' 119° 06.648' 617 Gcm/sasi 
pebble to 
cobble/fi-ca 
sub-rounded 
to rounded 
Station 42  5/21/2004 41° 54.548' 119° 07.263' 598 Gcm/sasi 
pebble to 
cobble/ca   
Station 43 
5/21/2004 41° 52.907' 119° 07.619' 562 Gcm/ss 
pebble to 
cobble/med-
ca rounded 
Station 44 5/21/2004 41° 51.837' 119° 01.359' 625 Gmm 
pebble to 
boulder angular 
Station 45 5/22/2004 41° 46.888' 118° 58.844' 624 vol     
Measured 
Section 7, 
Tape 1 5/22/2004 41° 43.804' 118° 59.632' 591 Gcm 
pebble to 
cobble 
rounded to 
well rounded 
Tape 2 5/22/2004       Gcm/ss 
fi/pebble to 
cobble   
Tape 3 5/22/2004 41° 43.831' 118° 59.672' 614 Gcm/ss 
fi/pebble to 
boulder   
Station 46 5/22/2004 41° 43.679' 119° 01.740' 616 Gcm/ss 
fi-med/pebble 
to cobble   
Station 47 5/22/2004 41° 42.211' 119° 04.082' 613 Gcm/sa/ms 
fi-vfi/pebble to 
cobble   
Station 48 5/22/2004 41° 45.004' 119° 06.546' 628       
Station 49 5/22/2004 41° 44.982' 119° 07.013' 624 Gcm/ss 
fi/pebble to 
cobble   
Station 50 5/22/2004 41° 45.811' 119° 08.616' 606 Gcm 
pebble to 
boulder 
rounded to 
well rounded 
Station 51 5/22/2004 41° 46.791' 119° 09.121' 566 Gcm "" "" 
Station 52 5/23/2004 42° 07.822' 118° 58.378' 686 Gcm, sist pebble rounded 
Station 53  (v 
poor outcrop) 5/23/2004 42° 07.890' 118° 58.485' 688       
Station 54 5/23/2004 42° 07.951' 118° 59.736' 673 Gcm 
pebble to 
boulder 
angular to 
sub-rounded 
Station 55 5/23/2004 42° 09.647' 119° 00.784 640 Gcm 
pebble to 
boulder 
angular to 
rounded 
Measured 
Section 8, 
Tape 1 5/24/2004 42° 11.594' 118° 57.960' 671 Gcm 
pebble to 
cobble well rounded 
Tape 2 5/24/2004       Gcm "" "" 
Tape 3 5/24/2004 42° 11.620' 118° 57.953' 703 Gcm 
pebble to 
cobble well rounded 
Measured 
Section 9, 
Tape 1 5/24/2004 42° 02.794' 118° 57.401' 865 Gcm 
pebble to 
boulder angular 
Tape 2 5/24/2004       Gcm "" "" 
Tape 3   5/24/2004       " "" "" 
Tape 4 5/24/2004 42° 02.835' 118° 57.437' 885 Gcm 
pebble to 
cobble angular 
Station 56 5/24/2004 42° 03.149' 118° 59.381' 820 Gcm 
pebble to 
cobble 
angular to 
sub-rounded 
Station 57 5/24/2004 42° 03.287' 118° 57.394' 800 Gcm 
peble to 
cobble angular 
Station 58 5/24/2004 42° 02.682' 118° 56.855' 866 Gcm 
cobble to 
boulder 
angular to 
sub-rounded 
Station 59 5/25/2004             
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Station 60 5/26/2004 42° 02.758' 18° 56.978' 866 Gcm/ss 
pebble to 
boulder subangular 
Station 61 5/26/2004 42° 02.545' 118° 56.858' 894 Gcm 
cobble to 
boulder 
angular to 
sub-rounded 
Measured 
section 10, 
Tape 1  5/26/2004 42° 01.499' 118° 55.930' 821 Gcm 
pebble to 
boulder 
sub-angular 
to angular 
Tape 2 5/26/2004       Gmm/vol 
pebble to 
cobble.   
Tape 3 5/26/2004       vol     
Tape 4 5/26/2004       Gcm 
pebble to 
boulder 
angular to 
sub-angular 
Tape 5 5/26/2004       Gcm/ss 
pebble to 
boulder 
sub-angular 
to rounded 
Tape 6 5/26/2004       Gcb 
pebble to 
boulder 
angular to 
sub-rounded 
Tape 7 
(cover) 5/26/2004             
Tape 8 5/27/2004       Gcm 
pebble to 
boulder 
angular to 
sub-rounded 
Tape 9 
(cover) 5/27/2004             
Tape 10 
(cover) 5/27/2004             
Tape 11 
(cover) 5/27/2004             
Tape 12 
(cover) 5/27/2004             
Tape 13 
(cover) 5/27/2004             
Tape 14 5/27/2004       Gcm 
pebble to 
boulder   
Tape 15 5/27/2004 42° 01.728' 118° 55.849' 843 Gcm 
pebble to 
cobble   
Station 62 5/26/2004       Gcm 
pebble to 
cobble 
angular to 
rounded 
Station 63 5/27/2004 42° 03.291' 118° 54.926' 782 Gcm 
pebble to 
boulder 
sub-angular 
to rounded 
Station 64 5/27/2004 42° 03.946' 118° 55.324' 770 Gcm 
pebble to 
boulder   
Station 65 5/28/2004 42° 01.577' 118° 46.652' 760 vol     
Station 66 5/28/2004 41° 48.617' 118° 22.423' 1023 vol     
Station 67 5/28/2004 41° 48.871' 118° 18.728' 1233 vol     
Station 68 5/28/2004 41° 48.958' 118° 18.219' 1224 vol     
Station 69 5/28/2004 41° 49.540' 118° 17.125' 1175 vol     
Station 70 5/28/2004 42° 00.432' 118° 14.512' 982 vol     
Measured 
Section 11, 
Tape 1 5/29/2004 41° 59.498' 118° 40.952' 911 ms/ss  med   
Tape 2 5/29/2004       ms/ss/Gcm fi-ca/pebble 
rounded to 
well rounded 
Tape 3 5/29/2004       ss/Gcm 
ca/pebble to 
cobble "" 
Tape 4 5/29/2004 41° 59.531' 118° 40.971' 979 ss/Gcm 
vca/pebble to 
cobble "" 
Station 71 5/29/2004 41° 57.345' 118° 35.140' 831 vol     
Station 72 5/29/2004 41° 56.359' 118° 34.039' 855 vol     
Station 73 5/29/2004 41° 54.984' 118° 28.630' 1077 vol     
Station 74 5/29/2004 41° 54.432' 118° 27.454' 1119 vol     
Station 75 5/29/2004 42° 04.101' 118° 46.648' 654 vol     
Station 76 5/30/2004 42° 14.585' 119° 04.761' 634 ss/ms ca   
Station 77 5/30/2004 42° 08.550' 119° 13.054' 558 ss/Gcm fi-ca/pebble rounded 
Station 78 5/30/2004 42° 06.691' 119° 10.852' 623 Gcm 
pebble to 
cobble 
subangular to 
subrounded 
Station 79 5/30/2004 42° 06.488' 119° 10.871' 663 Gcm 
pebble-
cobble 
subangular to 
rounded 
Station 80 5/30/2004             
Station 81 5/30/2004 42° 06.981' 119° 11.444' 648 ss/ms med   
Station 82 5/31/2004 42° 08.603 119° 01.310' 701 Gcm 
pebble to 
boulder 
angular to 
sub rounded 
Station 83 5/31/2004 42° 06.699' 119° 00.320'  802 Gcm 
pebble to 
boulder 
sub-angular 
to rounded 
Station 84 5/31/2004 42° 05.773' 119° 00.441' 815       
Station 85 6/1/2004 42° 05.719' 119° 14.777' 511 ss ca sa   
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Station 86 6/1/2004 42° 06.988' 119° 12.388' 683       
Station 87 6/1/2004 42° 07.063' 119° 12.669' 582 ss/Gcm/ms ca/gravel 
sub angular-
rounded 
Station 88 6/1/2004 42° 04.929' 119° 09.277' 635 Gcm 
pebble to 
boulder angular 
Station 89 6/1/2004 42° 03.719' 119° 10.882' 619 Gcm 
pebble to 
cobble rounded 
Station 90 6/2/2004 42° 02.126' 119° 09.160' 634 Gcm 
pebble to 
boulder well rounded 
Station 91 6/2/2004 41° 52.293' 119° 04.762' 604 Gcm 
pebble to 
cobble well rounded 
Station 92 6/2/2004 41° 50.072' 119° 03.365' 550 vol     
Station 93 6/2/2004 41° 50.021' 119° 03.192' 548 vol     
Station 94 6/2/2004 41° 51.469' 119° 05.244' 552 vol     
Station 95 6/2/2004 41° 51.596' 119° 10.156' 552 vol     
Station 96  6/2/2004 41° 51.460' 119° 12.045' 525 vol     
Station 97 6/2/2004 41° 52.251' 119° 13.086' 550 vol     
Station 98 6/2/2004 41° 55.946' 119° 15.120' 573 vol     
Station 99 6/3/2004 41° 38.609' 119° 07.285' 714 vol     
Station 100 6/3/2004 41° 41.393' 119° 11.901' 662 Gmm 
pebble to 
boulder 
rounded to 
well rounded 
Station 101 6/3/2004 41° 41.453' 119° 11.782' 626 ss     
Station 102 
6/4/2004 41° 29.554' 118° 44.556' 652 Gcm/ss 
pebble to 
cobble/med-
ca 
subrounded 
to rounded 
Station 103 6/4/2004 41° 29.510' 118° 43.998' 658 Gcm/ss "" "" 
Station 104 6/4/2004 41° 29.449' 118° 43.023' 757 Gcm 
pebble to 
boulder 
angular to 
subangular 
Station 105 6/4/2004 41° 25.888' 118° 44.809' 758 ss/Gcm 
pebble to 
cobble, med angular 
Station 106 6/4/2004 41° 24.217' 118° 46.386' 667 Gcm 
pebble to 
boulder 
rounded to 
sub rounded 
Station 107 6/4/2004 41° 26.051' 118° 50.136' 651 Gcm/SS 
pebble to 
boulder 
rounded to 
well rounded 
Station 108 6/4/2004 41° 30.881' 119° 02.906' 601       
Station 109 6/5/2004 41° 29.356' 118° 55.663' 640 ss/tuff fi-ca   
Station 110 6/5/2004 41° 29.343' 118° 55.698' 633       
Station 111 6/5/2004 41° 29.660' 118° 52.413' 683 Gcm/Basalt 
pebble to 
boulder rounded 
Station 112 6/5/2004 41° 30.604' 118° 51.701' 691 ss/vol med-ca   
Station 113 6/5/2004 41° 31.521' 118° 48.984' 690 Gcm/ss med-ca   
Station 114 6/5/2004 41° 31.559' 118° 49.130' 715 Gcm/vol     
Station 115 6/5/2004 41° 31.595' 118° 49.268' 722 Gcm/ss 
pebble to 
boulder 
rounded to 
well rounded 
Station 116 6/5/2004       Gcm/ss     
Station 117 6/5/2004 41° 32.485' 118° 49.812' 794       
Station 118 6/5/2004 41° 32.496' 118° 49.760' 791       
Station 119 5/15/2004 41° 32.003' 118° 55.610'   Gcm 
pebble to 
cobble rounded 
Station 120 
5/20/2004 41° 55.717' 119° 05.086' 660 Gcm/sist 
pebble to 
cobble 
subrounded 
to well 
rounded 
Station 121  5/21/2004 41° 55.238' 119° 07.376' 613 Gcm/sist 
pebble to 
cobble 
subrounded 
to rounded 
Station 122  5/25/2004 42° 02.684' 118° 56.799' 886 Gcm/ss 
pebble to 
boulder subangular   
Station 123 5/26/2004 42° 02.032' 118° 56.045' 1004 Gcm 
pebble to 
boulder 
subangular to 
subrounded 
Station 124 5/26/2004 42° 01.922' 110° 55.934' 934 Gcm/ss 
pebble to 
boulder subrounded 
Station 125 
(Qal?????) 5/26/2004 42° 01.863' 118° 55.899' 903 Gcm 
pebble to 
boulder subangular 
Station 126 5/30/2004 42° 08.614' 119° 12.877' 564 ss ca   
Station 127 5/31/2004 42° 08.799' 119° 00.908' 682 Gcm 
pebble to 
boulder 
subangular to 
subrounded 
Station 128 5/31/2004 42° 05.873' 119° 00.293' 682 Gcm   angular 
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List of measured section and station data including bedding orientations, paleocurrent 
type, paleocurrent attitudes, and field description   
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STATION OR 
SECTION/TAPE 
NUMBER 
BEDDING PALEO-CURRENT TYPE ATTITUDES 
FIELD DESCRIPTION 
1     
  
Interbedded SaSt and Gcb, tan 
in color, med-ca sa, max clast 
size appx .5 m, imbricate clasts 
Measured Section 1, Tape 
1 165, 25E   
  
Imbricated Gcm, pebble to 
cobble sized clasts, waterlain, 
massive beds, with interbeded 
mudstones, between 10 and 50 
cm thick, clasts sub-angular to 
rounded, ms red in color, sand 
lenses vary in color from tan to 
red, erosive bases in 
conglomerates. 
Tape 2 ""   
  
muds vary in thickness form 1-
2-m, and represent either 
marginal lacustrine or overbank 
deposits, many conglomeratic 
beds coarsen upwards, 
lenticular sand beds, rounded 
to w-rounded clasts 
Tape 3 187, 26E   
  
fine sand layers, tan to purple 
in color, 10-15 cm thick, well 
sorted, ca sa to pebble beds, 
coarsen upward, from ca sa to 
cobbles, sub-rounded to 
rounded, 30-50 cm thick, 
erosive bases 
Tape 4 144,23E   
  
ca ss, poorly x-bedded, int w/ 
organic rick black ms, thickest 
ms appx. 40 cm, avg thickness 
appx. 5-15 cm, few 
discontinous beds of pebble 
cong, waterlain deposits 
Tape 5  
165, 24E   
  
Interbedded pebble to boulder 
conglomerate, ms and ca ss,  
waterlain cong., well 
imbricated, erosive bases, bed 
thickness appx. 1-4 m 
Station 2  128, 26E   
  
basalt overlying conglomerate, 
Gmm, altered heavily, poorly 
consolidated, pebble to cobble, 
outcrop appx. 15 m thick, poor 
imbrication 
Station 3 145, 21 E Imb 
195, 46 E            
188, 49 E            
191, 51 E            
191, 65 E            
195, 54 E 
Gmm, yellow in color, similar 
compositional appearance as 
section 1, poorly 
cemented,pebble to cobble, 
few imbrication, fi sa/m 
Station 4 167, 11 E Imb 
175, 49 W 
Gcm pebble to boulder cong, 
primarily plutonic and volcanic 
clasts, upper 2-3 m of uotcrop 
is Gmm, couple boulders 
mostly pebble to cobble.  
Station 5 115, 26 E?? Imb 
336, 45 W : 348, 52 
W : 315, 33 E : 325, 
70 W : 285, 54 W      
345, 54 E : 328, 42 
E : 337, 64 E : 348, 
45 E : 335, 35 E : 
315, 59 E : 309, 54 
E : 099, 55 N : 130, 
54 N : 105, 47 N : 
085, 64 N : 100, 42 
N : 302, 45 E : 134, 
77 W : 190, 50 W : 
180, 62 W            
Gmm and Gcm pebble to 
boulder, volcanic and plutonic 
clasts, mud matrix, clast 
supported, waterlain deposits 
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Measured Section 2, Tape 
1 120, 29 W Imb 
120, 64 W : 136, 59 
W : 140, 57 W : 129, 
63 W : 115, 79 W :     
137, 81 W : 148, 69 
W : 109, 66 W : 142, 
70 W : 135, 62 W : 
152, 61 W : 149, 66 
E   
Interbedded ss/ms/cong beds, 
coarsening upwards seq. in ss, 
overlain by Gcm, coarsens 
upwards, erosional bases, 
pebble to boulder, rounded to 
well rounded, waterlain 
deposits, sand lenses in cong 
are coarse, overlain by massive 
coarse ss, tan to gry in color 
Tape 2 135, 29 W Imb 
110, 66 E : 118, 77 
E : 104, 66 E : 116, 
66 E : 099, 62 W ; 
097, 69 W : 138, 62 
W : 126, 52 W 
Bottom to top: sandy 
mudstone, gry in color, 
laminated, interbedded with 
coarse sand grading to medium 
tan colored sands, overlain by 
coarse sands few laminations, 
scattered granite cobbles, and 
red clayey bed appx. 12 cm 
thick, overlain by bed of 
boulder cong similar to tape 1, 
overlain by sandy ms, 
laminated, waterlain deposits 
Tape 3 135, 33 W   
  
Bottm to top: gcm, sandy 
lenses, primarily granitic, 
rounded to well rounded, 
scoured bases, waterlain, 
overlain by ca sa beds grading 
to pebble cong, poorly imb, 
individual beds appx 1-3 m 
thick, uppermost bed fines 
upwards from pebble cong to 
ms 
Tape 4  138, 19 W Imb 
168, 52 W : 147, 63 
W : 169, 54 W : 172, 
71 W : 165, 57 W : 
165, 82 W : 175, 59 
W : 152, 71 W : 147, 
55 W : 175, 51 E :     
179, 51 E : 146, 59 
W : 159, 70 W : 175, 
79 W : 154, 80 W : 
140, 84 W : 156, 74 
W : 145, 74 W : 185, 
76 W : 175, 80 W :     
172, 76 W            
Boulder cong, clast supported, 
scoured bases, sa lenses, 
primarily granitic clasts, 
rounded to well rounded 
Tape 5  135, 30 W Imb 
155, 81 E : 145, 70 
W : 146, 59 E : 165, 
70 W : 166, 76 W : 
155, 74 W : 165, 76 
W : 168, 78 W : 155, 
54 W : 155, 62 W 
Base to top: boulder cong, clast 
supp., overlain by coarse ss w/ 
pebble lag and conglomeratic 
beds, int w/ ca ss, white to tan-
orange in color, few 
laminations, waterlain 
Tape 6 130, 27 W Imb 
163, 75 W : 160, 81 
W : 160, 80 W : 159, 
70 W : 161, 57 W :     
139, 53 W : 150, 76 
W : 145, 75 W : 157, 
74 W : 165, 62 W : 
177, 84 W : 156, 69 
W : 150, 67 W : 145, 
83 W : 165, 82 W :     
172, 79 W : 163, 74 
W : 175, 83 W : 167, 
84 W : 139, 86 W 
gcm, laminated sa lens w/ few 
organics, sa gry in color, 
cobbles primarily granite, sa 
lens appx 2 m thick and well 
sorted, predominantly qtz sa 
Tape 7 125, 28 W Imb 
139, 46 W : 144, 69 
W : 159, 72 W : 166, 
61 W : 146, 54 W :     
161, 51 W : 137, 68 
W : 126, 76 W : 156, 
67 W : 153, 80 W :     
137, 66 W : 169, 64 
W : 157, 64 E : 167, 
86 W : 165, 71 W :     
153, 80 W : 137, 82 
W : 155, 86 E 
same as tape 6, soured bases 
into sa lenses, well sorted, qtz 
rich sa lenses 
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Tape 8 125, 30 W Imb 
140, 74 W : 167, 73 
W : 165, 66 W : 162, 
65 W : 165, 59 W : 
163, 62 W : 160, 65 
W : 155, 62 W : 157, 
77 W : 168, 71 W :     
150, 82 W : 164, 84 
W : 163, 65 W : 156, 
54 W : 160, 82 W :     
160, 51 W : 155, 64 
W : 174, 69 W    
same as tape 7, few lenses of 
white, qtz rich ss, clasts well 
rounded 
Tape 9       
poor exposure, appears similar 
to tape 8 
Tape 10       covered 
Tape 11       covered 
Tape 12 120, 30 W Imb 
175, 76 W : 180, 74 
W : 165, 69 W : 167, 
74 W : 140, 62 W :     
137, 74 W : 143, 69 
W 
Gcm interbedded with fi/med 
white ss beds, similar comp., 
cobble to boulder, gravel lag in 
ss, waterlain deposits 
Tape 13 120, 28 W Imb 
140, 69 W : 155, 59 
W : 159, 63 W : 165, 
80 W : 167, 74 W      
150, 56 W : 162, 66 
W 
These packages begin with 
aboundant large boulders at 
base and grade upwards to 
discontinous sands near the 
top, erosive bases into sand 
mark each package 
Tape 14   Imb 
135, 44 W : 148, 62 
W : 153, 72 W : 160, 
58 W : 142, 56 W :     
153, 63 W : 148, 70 
W : 167, 77 W : 143, 
59 W : 175, 71 W :    
165, 70 W 
Gcm, similar comp., rounded to 
well rounded, waterlain, few ss 
leses, clast supported                   
fault w/appx. 2 m offset 025, 55 
E 
Tape 15 150, 35 W   
  
Gcm, few large boulders, 
rounded to well rounded, 
similar comp., sa lenses, fi-ca 
sa poorly sorted 
Tape 16 140, 30 W Imb 
155, 74 W : 147, 65 
W : 160, 60 W : 155, 
82 W : 147, 62 W :     
149, 81 W : 140, 88 
W : 147, 86 W : 152, 
76 W : 162, 80 W :    
153, 64 W : 155, 83 
W 
Gcm, same as tape 15, 
scoured bases, matrix 
supported pebble lag in few 
sandy intervals 
Tape 17       Same as tape 16 
Tape 18 140, 30 W Imb 
155, 69 W : 120, 69 
W : 156, 66 W : 145, 
64 W : 154, 75 W : 
155, 64 W : 165, 74 
W : 151, 70 W : 157, 
84 W : 147, 74 W :     
146, 56 W : 143, 76 
W : 140, 72 W : 162, 
66 W : 147, 49 W :     
167, 76 W : 157, 70 
W : 148, 69 W : 166, 
71 W : 162, 68 W 
Same as 17 
Station 6 090, 55 W Imb (poor) 
145, 78 W : 146, 75 
W : 138, 69 W : 140, 
65 W : 135, 62 W :    
130, 66 W : 126, 64 
W : 142, 51 W : 145, 
48 E          
Gcm, pebble to cobble 
interbedded with ca ss, pebble 
lag, well rounded clasts, 
waterlain 
Station 7 135, 30 W Imb 
158, 59 W : 110, 69 
W : 124, 76 W : 134, 
71 E : 126, 66 E :      
138, 60 W 
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Station 8  125, 30 W Imb 
112, 69 W  116, 61 
W  119, 56 W  105, 
68 W  113, 80 W  
103, 74 W  110, 39 
W  086, 49 W  092, 
54 W  094, 40 W  
135, 54 W  092, 72 
W  096, 71 W 
Gcm, much foliated and 
volcanic clasts, matrix is fi-ca 
poorly sorted, rounded to well 
rounded, waterlain, imbricated, 
pebble to boulder, ss, med-ca, 
few pebble lags, angular to sub 
rounded feldspars and qtz, 
poorly consolidated, ripples, 
silica cement 
Station 9 125,30 W?? Imb 
175, 83 W  177, 86 
W  179, 89 W  172, 
78 W  183, 74 W  
188, 65 W  164, 57 
W  167, 60 W  188, 
61 W  155, 79 W  
176, 83 W  156, 74 
W  158, 75 W  178, 
74 W  170, 84 W  
164, 44 W  184, 72 
W  178, 84 W  180, 
71 W  169, 62 W  
174, 71 W  168, 76 
W  162, 52 W  171, 
82 W  194, 82 W    
Similar rocks to station 8 
Station 10     
  
Gcm, few sa lenses, no imb, 
outcrop possibly perp to imb, 
pebble to boulder, sa med to ca 
Station 11  097, 11 W (poor)   
  
Gcm, pebble to boulder, 
rounded to well rounded, 
similar to stat 9-10, waterlain 
Station 12 050, 27 W Imb 220, 88 W  190, 69 
W  196, 56 W  170, 
59 W  165, 57 W 
130, 46 E  135, 52 E 
Bottom to top:  Gcm, pebble to 
boulder, rounded to well 
rounded, overlain by ss and 
ms, ss appx 1.5-2m, ms 30-40 
cm thick, sa tan in color, ss 
coarsen upward, fi-ca, overlain 
Gcm, cobble to boulder, well 
rounded  
Station 13 080, 15 W          165, 13 W Imb 
147, 59 W  148, 49 
W  129, 74 W  132, 
54 W  137, 32 W  
205, 59 W  195, 61 
W  209, 84 W  224, 
76 W  192, 84 W  
224, 76 W  231, 74 
W  231, 49 W  234, 
76 W  200, 48 E  
250, 62 W  245, 64 
W  237, 70 W  225, 
40 W 
Gcm intebedded with sa 
lenses, sa appx .5 m thick, 
waterlain 
Station 14 160, 25 W Imb 
168, 75 W  175, 45 
W  164, 84 W  166, 
75 W  156, 54 W  
154, 79 W  152, 45 
W  162, 54 W  156, 
45 W  167, 67 W  
151, 46 W  152, 42 
W  147, 59 W  158, 
44 W  146, 66 W  
139, 56 W  155, 69 
W  144, 54 W  158, 
54 W  133, 79 W 
Gcm interbedded with fi-med ss 
with scattered cobbles and 
boulders, well rounded 
Station 15 020, 17 E           040, 14 E   
  
appx 30m thick ss 1-2 m beds, 
many fine upwards, thin beds 
of sa mud, red in color, appx 2-
5 cm thick, ripples, erosive 
bases, waterlain deposits 
Measured Section 3,   
Tape 1 
205, 18 W          
026, 24 NW   
  
bottom to top: Gcm, pebble to 
cobble, scoured surfaces, 
overlain by fi-ca beds of ss, fine 
sa beds orange, med-ca sa tan 
in color, rounded grains 
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Tape 2 225, 14 W          219, 12 NW Imb 
085, 63 N  080, 52 N  
074, 59 N  082, 70 N  
076, 76 N  105, 77 N  
036, 56 NW  083, 76 
N  086, 31 N 
similar ss to tape 1, gravel lag, 
friable, erosive bases, soft sed 
def, med-ca sa 
Tape 3 206, 22 W   
  
upper portion of tape, 
laminated sands and muds, 
upper 10 m covered withfloat 
Tape 4 218, 23 W   
  
fault orientation 060, 81 N, 
massive med-ca ss, at top of 
tape, laminated fi ss 
intebedded with massive ss, 
erosive bases 
Tape 5  242, 19 W Imb 
268, 55 N  257, 70 N  
054, 20 N  053, 45 N  
069, 29 N  074, 54 N  
091, 38 N  096, 36 N 
boulder cong, 2-3 m thick beds, 
well rounded, overlain by 2-3m 
thick ss beds, with mud drapes 
at top, gravel lag/lenses, 
waterlain 
Tape 6 218, 24 W     sands similar to previous tapes 
Tape 7     
  
interbedded medium sands and 
mudstones, laminated and 
orange in color, sands white, 
well rounded to rounded grains, 
well sorted, muds at top are 
gray 
Tape 8 220, 21 W       
Tape 9 see tape 8 Imb 
169, 54 NW  171, 60 
NW  241, 58 NW  
069, 51 NW  062, 30 
NW  002, 22 NW 
Gcm, pebble to boulder, well 
rounded, waterlain, interbedded 
med sa lenses, imb to s/se 
Tape 10 225, 22 W     
laminated sa, leses of pebble 
cong in ss 
Tape 11 238, 22 W   
  
massive ss, med to ca, 
rounded, qtz feldspar and lithic 
frags, very well sorted, 
waterlain 
Tape 12 (cover)         
Tape 13 (cover)         
Tape 14 (cover)         
Tape 15 076, 14 NW Imb 
289, 42 SE  276, 48 
SE  289, 34 S  222, 
48 NW  219, 62 NW  
023, 76 NW  019, 22 
NW  357, 52 NW  
012, 42 NW  041, 37 
NW  059, 28 NW 
Gcm, pebble to large boulders, 
well rounded, poor imbrication, 
overlain by coarsening upward 
cobble to boulder cong, large 
sa lenses 
Tape 16            (same as 
15) 076, 14 NW Imb 
052, 34 NW  041, 41 
NW  220, 30 NW  
051, 36 NW 043, 46 
NW 
  
Tape 17 (cover)         
Tape 18 228, 26 W   
  
possible tuff, gry green in color, 
angular clasts few rounded 
clasts 
Tape 19 219, 20 W Imb 
023, 16 NW  029, 24 
NW  085, 48 SW?  
072, 54 SW? 
massive, poorly imbricated, sa 
lenses 
Tape 20 245, 08 W     
sa, lenses, same as previous 
tape 
Tape 21     
  
sand beds, appx 1-2m thick, 
friable, poorly cemented, no 
sed structures preserved, 
possible tuffaceous layers 
throughout 5-10 cm thick 
Tape 22       same as tape 20 
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Measured Section 4, Tape 
1 105, 23 W Imb 
145, 70 W  174, 73 
W  136, 76 W  138, 
65 W  195, 86 W  
080, 75 E  100, 65 E  
067, 37 NW  054, 30 
NW  178, 56 W  165, 
54 W  165, 70 W  
146, 69 W  007, 38 
W  334, 66 W  156, 
50 SW  315, 65 SW  
310, 40 SW  323, 53 
SW  127, 36 SW  
307, 37 SW   290, 
36 SW  107, 45 E  
110, 47 E  115, 25 E  
164, 26 E 040, 54 N  
092, 34 NE  088, 42 
NW  231, 36 NW 
primarily volcanic and plutonic 
clasts, Imb s/se dir, poor 
bedding 
Tape 2 060, 18 W?? Imb 
052, 25 NW  054, 24 
NW  039, 26 NW  
236, 36 NW  062, 25 
NW 
  
Tape 3 (cover)       cover 
Tape 4       poor imbrication, sand lenses 
Tape 5        
poor imbrication, same as 
previous, sand lenses 
Tape 6     
  
same as previous, fault, 
unknown offset (seems 
relatively small, attitude 065, 80 
N 
Tape 7 (cover)         
Tape 8 (cover)         
Tape 9 067, 50 W   
  
tuffaceous ss?/, altered due to 
fault, coarse grained tufaceous 
ss, white to pink in color, 
ripples 
Tape 10 233, 42 W   
  
base to top, fine, tabular 
bedded ss, overlain by, ca ss, 
few x-beds (t), pebble lag, 
waterlain 
Tape 11     
  
this tape primarily represents a 
sloope failure or fault that 
repeats previous tape, failure 
occurred before deposition of 
luss and after lithification of 
sands 
Tape 12       
same as tape 11, rest of 
repeated section 
Tape 13 (cover)         
Tape 14     
  
int fi ss and si st, siltstones, 
yellow reddish brown, plant 
fossils/organics, beds appx 2-
10 cm thick 
Tape 15 (cover)         
Tape 16 056, 09 W          060, 10 W   
  
Bottom to top, ca to v ca pebbly 
ss grading to med ss, x-beds, 
soft sed def, flame structures, 
overlain by mudstone interval, 
overlain by v ca pebbly ss, with 
few laminations of fines 
Tape 17 (Strike line shot)         
Tape 18     
  
ca ss fining to gry mudstone, 
organics, ss tan in color, beds 
of sa 15-20 cm thick, muds 
laminated, .5-10 cm thick beds 
ms 
Tape 19       
int mud and sa, ca sa, poorly 
preserved, laminations in mud 
Tape 20 (cover)         
Tape 21 328, 21 E??     
ca ss, tan in color, interbedded 
with mudstone 
Tape 22 120, 09 E   
  
int ss and ms, tabular sa beds, 
muds gry in color, laminated 
beds, ripples in sa beds 
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Tape 23     
  
ca ss, tan in color, beds appx. 
.5-1.5 m thick, tabular, ripples, 
pebble lag 
Tape 24       same as tape 23 
Tape 25 095, 12 E           120, 09 E   
  
tan colored med-ca sa, 
rounded grains, well sorted, 
ripples, beds appx 10 cm-1m, 
erosive surfaces, large scale x-
strata, possible point bar 
deposits, soft sed, flame 
structures, tabular beds, few 
organics in finer beds 
Tape 26 ""     
same as tape 25, gravel lag, 
few fines 
Tape 27     
  
same as tape 26 in comp, more 
gravel lag, erosive surfaces, 
tabular, waterlain 
Tape 28       same as tape 28 
Tape 29     
  
Interbedded ss, tabular, erosive 
bases, fi orgainics in fi sand, 
many plant casts 
Tape 30 080, 09 N     same as tape 29 
Tape 31     
  
Gcm, poor imbrication, pebble 
cong, massive bedding, scour, 
erosive bases, few cobble and 
boulder sized mud rippups 
(angular to rounded), muds 
appear similar to those that 
pebble/cobble cong scours into, 
appear to be result of cu banks 
Tape 32   Imb 
095, 39 NE  234, 33 
NW  254, 48 NW  
281, 49 NE  239, 37 
NW  171, 26 NE  
286, 46 NE  274, 56 
NE  273, 39 NE  
228, 57 NW 240, 35 
NW  235, 48 NW 
same as 31 but fines upwards, 
sandstones tabular, erosive 
bases 
Tape 33   Imb 240, 55 E  220, 66 E  
211, 50 N  224, 46 N  
229, 44 N 
same as med sa below, close 
to Gmm might be Gcm, tan-
orange in color, few imb clasts 
and ms ripups, small fault, few 
m offset orientation 020, 62 E 
Tape 34       tabular sa, tan in color, ca 
Tape 35 065, 13 E Imb 
240, 40 N  247, 37 N  
234, 27 N  244, 40 N  
234, 37 N  242, 20 N  
251, 20 N 
poorly bedded, ca, tan in color, 
few ripups, gravel lag, friable, 
waterlain, small fault less than 
1 m offset, attitude 220, 38 SE 
Tape 36 070, 11 NE   
  
same ss as 35, mud ripups, 
mostly tabular, few lenticular 
beds within more continous 
beds. 
Tape 37     
  
same as tape 36, few mud 
ripups, well sorted, coarsening 
upwards 
Tape 38     
  
grey ms, laminated, organics, 
overlain by ca ss, lenticular, 
white to tan, discontinous 
Tape 39     
  
ca ss, white to tan, gravel lag, 
few mud ripups, erosive bases, 
scour, waterlain 
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Tape 40   Imb 
011, 42 NW  020, 37 
NW  056, 41 NW  
238, 40 NW  22, 60 
NW  225, 45 NW  
230, 44 NE  243, 32 
NW  214, 40 NW  
263, 41 NW  272, 49 
NW  265, 50 NW  
243, 61 NW  243, 36 
NW  245, 31 NW  
071, 43 NW  217, 34 
N  223, 30 N  047, 
59 N  039, 55 N  
240, 47 N  186, 36 N  
242, 20 S  237, 35 S  
211, 17 N  205, 47 N  
187, 59 N  202, 29 N  
203, 20 N 
crossbedded pebble cong, 
fining to a ca tan colored ss, 
well sorted, w/large scale x-
strata 
Tape 41       
similar to previous tape, close 
to strike line shot 
Tape 42 070, 7 NE     same as tape 41 
Tape 43     
  
tabular ss, tan to white, ca, 
25cm-1m thick beds, small fault 
appx. 5 m offset, fault 
orientation 010, 70 E 
Tape 44     
  
massive ca ss, tan to orange in 
color, few x-beds with gravel 
lag, gravel to cobble lenticular 
beds, waterlain, poor imb, few 
v. small faults with appx. 5-
10cm offset  
Tape 45       
same as tape 44, fault with 1m 
offset, orientation 035, 42 E 
Tape 46 076, 5 SE     
ca sa, tan to orange, tabular, 
scour, pebble lag 
Tape 47  062, 4 NW Imb 
290, 66 NE  240, 31 
NW  275, 58 NE  
284, 31 N  286, 34 N  
331, 39 NE  305, 30 
NE  325, 53 NE 
ca ss as described in tape 46, 
overlain by pebble cong, few 
cobbles, masive, clast 
supported, sandy ripups 
Tape 48       
ca ss, beds appx 2m thick, 
scour surfaces, few x-beds 
Tape 49   Stl 
212, 39 SE  198, 29 
SE  194, 29 SE  209, 
34 SE  266, 32 NE  
290, 32 NE  271, 47 
NE  284, 50 NE 
ca ss, lenses of pebble cong, 
well rounded, mud drapes 
betwee sa beds 
Tape 50 069. 25 NW??   
  
Interbedded ss and ms, ms .5-5 
m thick, ss appx 1-2m thick, ss 
tan in color, ca, ms gry, thin 
beds, gry in color, sa 
discontinous, lenticular 
Tape 51 085, 6 NW     same as tape 50 
Tape 52 138, 11 NE   
  
sa w/thin beds of sisa, ca, tan 
in color, tabular, sisa have 
organics, wood, heavily 
fractured outcrop 
Tape 53   Imb 
086, 29 NW  082, 50 
NW  066, 35 NW  
089, 49 NW  082, 54 
NW 
sands similar to previous tapes, 
however have differing color 
possibly due to alteration by 
overlying columnar basalt 
Tape 54 090, 14 N   
  
sa and ms similar to tape 53, 
pebble cong, clast supp, poor 
imb 
Tape 55     
  
ca ss, overlain by red/purp ms, 
severly altered, overlain by 
bassalt, columnar, possibly 
pillowed, good marker bed 
Tape 56       continuation of colomnar basalt 
Tape 57       
poorly preserved vesicular 
basalts, oxidised olivine grains 
Tape 58     
  
same as previous tape, might 
be more intermediate to felsic 
volcanics 
Tape 59       same as previous tape  
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Tape 60       vol rocks similar to previous 
Tape 61 (covered)       cover 
Tape 62 (covered)       cover 
Tape 63          (mostly 
covered)       
Gcm, overlain by 1.5-2m of ms, 
gry in color 
Tape 64 (cover)       cover 
Tape 65      
  
found off-section felsiv vol, just 
out of gully we were measuring 
up 
Tape 66 (cover)         
Tape 67 (cover)         
Tape 68 085, 14 N            100, 15 N Imb 
095, 62 N  065, 34 
NW  022, 24 N  001, 
33 N  016, 54 N  
046, 19 N  351, 24 N  
111, 42 NE  139, 47 
NE  012, 41 NW  
089, 34 NW  056, 25 
NW  095, 24 NE  
090, 39 N  078, 36 
NW  067, 35 NW  
107, 56 NE  081, 28 
NW  106, 41 NE  
104, 50 NE  039, 37 
NW  131, 36 NE  
122, 36 NE  160, 26 
NE  171, 52 NE  
136, 54 NE  080, 24 
NW  127, 36 NE 
Gcm, tan, well cemented, ca sa 
lenses, erosive bases,  
Tape 69   Imb 
236, 59 N  232, 51 N  
240, 41 N  236, 32 N  
271, 38 N  272, 54 N  
239, 23 N  244, 36 N  
259, 44 N  237, 57 N  
223m 47 N  173, 31 
N  122, 32 N  063, 
46 N  234, 27 N  
252, 28 N  283, 67 N  
255, 43 N  264, 29 N  
266, 54 N  228, 47 N  
237, 56 N  295, 33 N  
212, 39 N  304, 32 N  
278, 36 N  254, 32 N  
226, 27 N 
int ss and cong, gcm has 
boulders at base, fines to 
cobble cong w/tan-red ss 
overlying,  
Tape 70   Imb 267, 50 N  237, 64 N  
216, 32 N 
same Gcm, overlain by red vol 
mud/clay (bentonite), altered 
seds, overlain by a "scoria", 
vesicular vol 
Tape 71       felsic vol rock, w/topaz?? 
Tape 72       same as previous tape 
Tape 73       change in comp, still felsic vol 
Station 16 118, 12 E   
  
int ss and shale, shales gry in 
color, many plant, fish fossils 
present, lacustrine/marginal 
lacustrine facies, fault nearby 
with unknow offset, at least 10-
15 m, probably more, brings 
Gcm in footwall into contact 
with other units mentioned, 
attitude of fault, 035, 56 E, N 
41° 31.980, E 118° 55.444' 
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Station 17 ?? Imb 
030, 74 W  051, 65 
W  047, 46 W  045, 
71 W  032, 66 W  
032, 66 W  047, 56 
W  041, 43 W  000, 
77 W  034, 66 W  
015, 62 W  039, 60 
W  037, 64 W  045, 
71 W  007, 63 W  
010, 55 W  031, 71 
W  037, 70 W, 015, 
73 W  022, 53 W  
033, 63 W  057, 58 
W  042, 58 W  072, 
43 W  060, 74 W  
049, 71 W  055, 61 
W  055, 57 W  052, 
66 W  055, 67 W  
015, 70 W  018, 76 
W  058, 74 W     
Appx on strike, well imb, Gcm, 
pebbles to boulder, tan in color, 
ca matrix, rounded 
Station 18 132, 17 NE Imb 
094, 65 N  090, 69 N  
151, 42 N  147, 56 N  
100, 58 N  171, 52 N  
221, 35 N  232, 42 N  
239, 24 N  236, 20 N  
221, 21 N  244, 25 N  
094, 44 N  116, 26 N 
overlying vol. are 
unconformible to Gcm below, 
same as S side of this hill 
where measured section 4 was 
completed. 
Station 19 132, 17 NE         173, 30 NE Imb 
088, 56 N  097, 62 N  
124, 63 N  122, 54 N  
071, 27 N  216, 42 N  
069, 32 N  238, 45 N  
184, 30 N  229, 64 N  
181, 55 N  155, 50 N  
197, 45 N  179, 60 N  
140, 52 N 
Gcm lapping onto volcanic 
debris flow, rounded clasts, 
pebble to boulder, many clasts 
look similar to the vol at top of 
section 4 
Station 20 126, 18 N Imb 085, 66 N  083, 69 N  089, 76 N  083 76 N  
170, 42 N  189, 60 N  
035, 28 N  198, 57 N 
ss, friable, poorly cemented, 
white to red, much qtz/feld, well 
sorted, med, .5-.75 m thick 
beds at thickest point, Gcm, 
pebble to cobble, white in color, 
imb, well rounded 
Station 21   Imb 
063, 39 N  144, 42 N  
085, 48 N  044, 47 N  
045, 64 N  085, 69 N 
Gcm, pebble to boulder, white 
in color, poor imb, rounded, 
massive 
Station 22 315, 13 N Stl 
161, 17 S  108, 11 S  
118, 20 S  115, 12 S  
124, 22 S  151, 17 S  
085, 22 S  073, 36 S  
116, 20 S  125, 19 S  
266, 26 S  047, 33 S  
Sta: 121, 27 S 
Gcm, cobble cong, pebble to 
cobble, poor imb, lenticular, 
discont sa beds, ca sa, tan 
orange, x-beds 
Station 23     
  
heavily weathered, friable, ss, 
qtz rich, white, v ca, angular, 
poorly sorted, x-beds 
Station 24       
vol, similar to rx on sec 4, 
exposure poor 
Station 25 
200, 11 SE          
011, 9 SE           
019, 13 S 
Stl 
167, 25 NE  142, 33 
NE  151, 34 NE  
148, 26 NE  143, 15 
NE  345, 28 NE  
347, 27 NE  349, 24 
NE  336, 30 NE  
334, 28 NE  319, 24 
NE  324, 25 NE  
341, 35 NE  204, 
175 SE  232, 32 SE  
234, 24 SE  244, 18 
SE  227, 37 SE  230, 
22 SE  217, 27 SE  
246, 27 SE  257, 30 
SE  257, 23 SE  242, 
31 SE  243, 33 SE 
Ca, tan colored, gravel lag, well 
rounded, poorly sorted, x-
bedded troughs,  
Station 26     
  
poor exposure, similar looking 
volcanics as those found at top 
of section 4 
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Station 27 202, 7 SE   
  
interbedded ca and fi ss, poorly 
x-stratified gravel beds, 
subrounded to rounded, tan in 
color, underlain by a pebble 
cong, bedded, thin lenticular sa 
beds, well rounded, beds appx 
.5-1 m thick sa 
Measured Section 5, Tape 
1     
  
fi-med sa, gry-grn, pockets of 
ca sa overlain by ca sa, erosive 
bases, tabular, sub-angular to 
sub-round, qtz and lithic frags, 
x-bedded (poor) 
Tape 2 140, 11 NE          132, 09 N   
  
thick bedded, fi-med, yellow ss, 
concretions (secondary 
magnesium staining, 
interbedded with gry-brn si sa, 
clayey, angular to rounded 
grains, most beds seem 
laterally continous, few 
lenticular beds 
Tape 3   Stl 
126, 17 S  126, 32 S  
185, 23 S  141, 19 S  
104, 21 S  121, 29 S  
127, 24 S  306, 22 S  
319, 23 S  190, 35 E  
203, 32 E  215, 32 E  
185, 33 E  168, 25 E  
180, 30 E  185, 31 E  
207, 27 E  173, 28 E 
lenticular channel sa, ca, 
w/med-fi yellow thinner bedded 
intervals, scoured bases 
Tape 4     
  
ca ss, tabular and lenticular, 
mud ripups, soft sed def, 
troughs, scoured bases 
Tape 5 (cover)         
Tape 6     
  
ss, ca lag, x-bedded, load 
casts, soft sed def in fi muddy 
units, ripups within sa, beds 
appear lenticular in form 
Tape 7 165, 15 NE     
ss, ca, lenticular beds, scour 
into finer beds, mud ripups 
Tape 8       same as previous tape 
Tape 9 (moves 
downsection)       
same as previous, I believe 
repeat of section due to muving 
downsection in gully 
Tape 10 170, 11 E     similar facies 
Tape 11       similar facies 
Tape 12     
  
v ca, lenticularly bedded, 
laminated at top, scoured 
bases, x-beds 
Tape 13 (repeated section, 
fault)       
repeated section, fault with 8-
10 m throw, attitude 208, 72 W 
Tape 14 (repeated)         
Tape 15       volcanic clasts within sands 
Tape 16       same as tape 15 
Tape 17       tabular, thick, mud ripups 
Tape 18       same as tape 15 
Tape 19       same as tape 15 
Tape 20       scoured bases, fi-ca sa 
Measured Section 6, Tape 
1 005, 25 W     
highly fractured coal, lenticular 
sa, well cemented, fi-med, plant 
fossils 
Tape 2       same as tape 1  
Tape 3     
  
interbedded coal and silt stone, 
coals 10-20 cm thick, silts 5-10 
cm thick beds, coal appears to 
have much higher reflectance 
Tape 4       same as previous tape 
Tape 5 015, 21 W     v fi basal sa sist, coal overlying 
Tape 6       same as Tape 5 
Tape 7     
  
mafic volcanic rock, fi grained, 
believe it is flow, could also be 
dike 
Tape 8       same as tape 7 
Tape 9       same as tape 8 
Tape 10       same as tape 9 
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Tape 11       
coal with thin interbedded, 
discontinous sa beds 
Tape 12 008, 22 W     
int ss and coal, fi-ca sa, erosive 
bases 
Tape 13       gry si ss 
Tape 14     
  
lower fi sa, tabular, erosive 
bases, fist sized cncretions in 
upper ss beds, erosive bases, 
soft sed def, root traces? 
Tape 15 019, 24 W     
interbedded ss and ms, plant 
frags, 
Tape 16       same as tape 16 
Tape 17 009, 22 W   
  
int fi ss and ms, sa gry-brn, 
mostly tabular, few lenticular, 
ms grey-greenish, thin lens of 
cong,  
Tape 18       
same as previous tape, 
scoured bases 
Tape 19       similar to tape 17 
Tape 20       similar to tape 17 
Tape 21     
  
similar to tape 17, overlain by 
pebble to boulder cong, 
scoured base, poor imb 
Station 28 
148, 24 NE          
172, 26 NE         
168, 24 NE          
127, 34 NE 
Imb  
135, 59 NE  115, 73 
NE  095, 77 N  093, 
84 N  088, 77 N  
100, 63 N  098, 61 N  
106, 51 N  113, 66 N  
095, 63 N 089, 67 N  
090, 79 N  085, 64 N  
103, 73 N  086, 43 N  
101, 72 N  115, 72 N  
135, 66 NE  119, 71 
N  109, 74 N  097, 
85 N  126, 53 NE  
124, 57 NE  119, 74 
N  132, 55 N  077, 
67 N  091, 78 N  
064, 76 N  134, 52 N  
093, 54 N  119, 73 N  
121, 74 N  116, 72 N  
084, 71 N  086, 72 N  
081, 65 N  067, 57 N  
109, 54 N  064, 59 N  
101, 74 N  074, 79 N  
049, 46 N  064, 57 N  
079, 77 N  082, 46 N  
072, 53 N  109, 79 N 
cobble to boulder, angular 
clasts, waterlain, imb to s-se,  
Station 29 
170, 24 E           
024, 28 E           
064, 32 S 
Imb 239, 47 NW  225, 56 
NW  242, 49 NW??? 
pebble to boulder, ang to 
rounded, mostly angular clasts 
Station 30 
170, 24 E           
024, 28 E           
064, 32 S 
Imb 
140, 69 E  135, 76 E  
164, 62 E  167, 65 E  
174, 57 E  205, 59 E  
179, 71 E  186, 74 E  
167, 73 E  169, 64 E  
142, 42 E  126, 64 E  
099, 50 N  139, 54 E  
005, 22 E   
same cong as previous, better 
imb 
Station 31 
170, 24 E           
024, 28 E           
064, 32 S 
Imb 
029, 50 NW  059, 36 
NW  031, 27 NW  
104, 36 NE  160, 51 
E  149, 54 NE  037, 
57 NW  021, 34 NW  
184, 46 W 
same cong as previous, 20-30 
m section 
Station 32 090, 10 N           078, 19 N Imb 
045, 61 N  058, 57 N  
066, 64 N  091, 86 N  
093, 79 N  088, 62 N  
032, 54 N 
pebble to boulder, sub-ang to 
rounded, red matrix, s-se imb 
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Station 33 159, 31 W          003, 13 W Imb 
127, 64 N  149, 23 N  
112, 43 N  107, 34 N  
031, 37 NW  043, 52 
N  035, 44 NW  111, 
66 N  125, 57 N  
095, 55 N 108, 69 N  
269, 47 N  099, 49 N  
090, 35 N  043, 38 N  
146, 30 NE  121, 44 
NE  115, 63 NE 
intebedded gcm and red sa-ms, 
Gcm scour, sub angular to 
rounded, ca sa in sa-ms, 
altered color 
Station 34 194, 13 E??     
ne, poor outcrop, few pockets 
of pebble lag 
Station 35 204, 24 S           196, 23 S Imb 
340, 72 W  345, 59 
W  316, 60 W  336, 
43 W  356, 62 W  
270, 54 N  265, 58 N  
274, 48 N  264, 54 N  
258, 57 N 
interbedd thin ms, ss and Gcm, 
possible tuff layers, organics in 
ms, Gcm tan-brn, sub-angular 
to rounded, pebble to boulder, 
scoured bases, discontinous 
bedding 
Station 36 070, 22 S           078, 25 S Imb 
184, 27 W  179, 29 
W  171, 52 W  186, 
56 W  160, 74 W  
220, 38 N 185, 47 
NW  174, 45 W  175, 
47 W  174, 52 W  
155 68 W  153, 69 
W 
Gcm, altered red, pebble to 
boulder, well rounded, sa 
lenses, pebble lenses,  
Station 37       
extrusive felsic volcanics, K in 
age on map, heavily fractured 
Station 38     
  
volcanic agglomerate, few 
boulders, angular, few mafics, 
mostly felsic, no bedding, few 
rounded weathered granite 
clasts,  
Station 39     
  
ss, ca, pebbles, heavilty 
altered, poorly exposed, friable, 
angular,  
Station 40 092, 32 N Imb 
216, 45 NW  243, 44 
NW  241, 35 NW  
236, 49 NW  249, 56 
NW  222, 40 NW  
261, 52 NW  258, 31 
NW  262, 42 NW  
279, 49 NW  244, 40 
NW  189, 59 W  201, 
34 W 211, 57 W  
171, 61 W  359, 75 
W 
appx 30 m, interbedded ca ss, 
angular to sub-rounded, bed 
thickness bet 50-100 cm  
pebble lag, and Gcm pebble to 
boulder, angular to sub-
rounded, sand lenses 
Station 41  150, 11 W          186, 9 W Imb 
135, 68 NW  137, 56 
N  138, 44 N  152, 
29 N  128, 54 N  
130, 51 N  113, 65 N 
099, 22 N  192, 76 
W  190, 51 W  180, 
34 W  240, 40 NW  
220, 56 NW  224, 59 
NW  221, 34 NW  
239, 55 NW  258, 41 
NW  265, 53 NW  
264, 40 NW 
Interbedded Gcm and sandy 
red silt, appx 9m exposure, sa 
ca, beds appx 25-100 cm, 
deeply scoured by cong, highly 
fractured, Gcm, lenticular, .5-
3m thick, pebble to large 
cobble, sub-roundd to rounded, 
imb to s-se, scoured bases, 
highly friable 
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Station 42  158, 11 W Imb 
030, 64 W  045, 32 
W  032, 51 W  039, 
69 W  066, 47 W  
049, 37 W  050, 43 
W  042, 42 W  067, 
56 W  062, 53 W  
064, 31 NW  042, 36 
NW  083, 35 NW  
182, 43 NW  209, 54 
NW  211, 54 NW  
212, 61 NW  241, 78 
NW  239, 40 NW  
271, 56 N  294, 54 N  
277, 37 N  291, 58 N  
095, 53 N  088, 47 N  
163, 54 N  229, 50 
NW  276, 59 N  273, 
48 N  277, 42 N  
219, 40 NW  216, 38 
NW  231, 37 NW  
240, 50 NW  191, 17 
W  189, 44 W  231, 
57 N  230, 50 N  
230, 42 N  220, 47 N  
221, 50 N  224, 32 N  
231, 31 N  221, 42 N  
213, 34 W  209, 40 
W  260, 41 N 
interbedded Gcm and sa red 
silt, appx. 5-6 m thick beds 
(packages), Gcm well rounded, 
many pebbles, scour, sa lenses 
Station 43 301, 19 SW Imb/Stl 
170, 57 W  172, 74 
W  181, 49 W  180, 
66 W  194, 67 W  
185, 83 W  204, 46 
W  024, 71 W  187, 
54 W  175, 69 W  
186, 36 W  179, 50 
W  184, 67 W  186, 
72 W  197, 47 W  
191, 75 W  187, 81 
W  163, 76 W  165, 
65 W  110, 69 W  
095, 67 W  076, 67 
W  090, 47 W  084, 
48 N  079, 32 N  
059, 56 N  077, 69 N  
085, 56 N  061, 50 N  
082, 65 N  034, 36 
NW  031, 34 NW  
199, 47 NW  005, 59 
W  174, 48 W  177, 
41 W  106, 61 W  
100, 41 W  337, 28 
W  291, 46 NE  319, 
40 NE  055, 48 NW  
065, 52 NW  074, 63 
NW  092, 44 N  076, 
21 N  101, 37 N 095, 
45 N  097, 56 N 074, 
51 N 126, 20 SW  
266, 27 S  155, 15 S  
114, 19 S  115, 26 S  
132, 23 S  129, 11 S  
095, 27 S  140, 21 S  
165, 28 S  151, 27 
S, 348, 32 S  139, 
22 S  206, 12 E  
189, 31 E  223, 35 E  
207, 20 E  199, 34 E  
034, 31 E  212, 36 E  
194, 31 E  221, 35 E  
186, 34 E  212, 35 E  
217, 41 E  039, 34 E
Interbedd Gcm, pebble to 
cobble, tan in color, lenticular 
sa, few boulders, rounded 
clasts, imb to east, overlying ss 
med-ca, tan, large scours into 
sa,   
Station 44     
  
Gmm, matrix supp, angular 
clasts, few large rounded 
plutonic boulders, debris flow, 
less than 100m from louzidian 
fault, heavily fractured clasts 
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Station 45     
  
outcrop of felsic breccia and 
flow material, looks genetically 
similar to clast rhyolites,  
Measured Section 7, Tape 
1 244, 14 S Imb 
094, 25 N  299, 22 N  
269, 42 N  289, 61 N  
270, 64 N  214, 49 N  
203, 57 N  225, 45 N  
254, 64 N  284, 57 N  
092, 45 N  143, 61 N  
214, 60 N  230, 59 N  
087, 47 N  280, 60 N  
296, 56 N  294, 44 N  
309, 76 N  329, 57 N 
Gcm, pebble to cobble, 
lenticular sa, light tan, rounded 
to well rounded, imb to s-se, 
interbeds of red sa/ms, appx 5 
cm thick 
Tape 2   Imb 
087, 43 N  059, 40 N  
284, 50 N  098, 37 N  
128, 38 N  261, 63 N  
285, 41 N 
same as tape 1, Gcm thinner 
beds, lenticular, few sa lenses 
med-ca, small fault 150, 71 NE 
with appx. 1m offset 
Tape 3   Imb 
099, 59 N  077, 60 N  
081, 70 N  122, 40 N  
155, 32 NE  122, 34 
N  086, 23 N  137, 
75 N 107, 60 N 232, 
49 N  085, 47 N  
086, 32 N  108, 44 N  
090, 37 N  135, 36 N  
266, 62 N  276, 31 N  
266, 64 N  261, 63 N  
219, 61 N  222, 65 N 
similar to previous, scoured 
bed of mud overlain by boulder 
cong 
Station 46 154, 21 NE Imb 
095, 22 N  107, 39 N  
106, 46 N  100, 56 N  
054, 62 N  061, 56 N  
087, 45 N  079, 55 N  
212, 44 N  195, 29 N  
219, 38 N  076, 65 N  
084, 44 N  116, 34 N  
060, 41 N  079, 38 N  
103, 47 N  109, 44 N  
209, 65 N  203, 61 N  
222, 51 N  224, 64 N 
Interbedded ss and organically 
rich sa/ms, poorly exposed, 
overlain by Gcm, tan orang in 
color, scours, ss med-fi, tan, 
ms gry 
Station 47 140, 14 N Imb 
181, 24 W  189, 45 
W  206, 55 W  214, 
64 W  191, 39 W  
166, 46 W  203, 26 
W  169, 42 N  243, 
45 NW  186, 26 W  
213, 32 W  189, 59 
W  143, 55 N  152, 
60 N  131, 50 N  
150, 25 N 
Gcm , pebble to cobble, 
rounded, tan-orange, well 
sorted, lenses of lenticular sa, 
poor imb, overlain by orange sa 
mudstone, thin beds appx. 25 
cm 
Station 48     
  
poor outcrop, Gcm w/calcite, 
many root traces poor bedding, 
well rounded 
Station 49 215, 14 SE   
  
fi ss, purple and green, overlain 
by Gcm, white and red, badly 
weathered, erosive base into 
ss, lenticular ss, no imb visible 
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Station 50 034, 11 NW ? Imb 
076, 48 NW  079, 54 
NW  244, 51 NW  
060, 63 NW  082, 48 
NW  077, 46 NW  
064, 51 NW  087, 52 
NW  234, 27 NW  
068, 50 NW  071, 45 
NW  081, 39 NW  
061, 25 NW  211, 29 
NW  035, 46 NW  
029, 61 NW  037, 27 
NW  036, 45 NW, 
210, 46 NW  216, 50 
NW  043, 32 NW  
194, 45 W  175, 55 
W  205, 40 W  241, 
28 W  214, 31 W  
216, 56 NW  221, 52 
NW  246, 57 NW  
041, 54 NW  050, 58 
N  044, 59 N 
Gcm, pebble to boulder, 
rounded to well rounded, sa 
lenses, appx 10m vert 
exposure, imb to E, tan in color 
Station 51   Imb 
230, 56 NW 205, 65 
W  081, 39 N  181, 
57 W  186, 56 W  
191, 71 W  192, 58 
W  222, 58 NW  171, 
36 NE  199, 37 NE   
v similar to station 50, well 
rounded clasts 
Station 52 038, 13 NW (poor) Imb 059, 37 S  091, 32 S  
240, 27 S 
interbedded silts and pebble 
cong, poor exposure, rounded, 
25 cm intervals of interbeds 
Station 53                (v poor 
outcrop) should ditch?         
Station 54 179, 20 NE Imb 102, 59 S  094, 54 S  112, 46 S  101, 34 S 
085, 35 S 
Gcm, red, fi sa lenses, pebble 
to boulder, angular to sub-
rounded, primarily cobbles, 
scour into finer units, poor imb 
Station 55 070, 17 SE   
  
Gcm, lenticular sa, pebble to 
boulder, tan, no imb, angular to 
rounded, beds appx. .5-3 m 
thick 
Measured Section 8, Tape 
1 
105, 11 S           
086, 14 S           
120, 12 SW 
Imb 
110, 55 S  090, 42 S  
097, 40 S  095, 40 S  
100, 55 S  092, 54 S  
093, 74 S  090, 70 S  
094, 61 S  076, 64 S  
068, 52 S  096, 37 S  
118, 34 S  182, 40 S  
085, 35 S  081, 37 S  
092, 46 S  098, 46 S  
064, 50 S  084, 35 S 
See tape 3, carbonate cement 
Tape 2   Imb 
050, 58 S 038, 68 S  
064, 33 S  062, 49 N  
045, 41 N  032, 55 N  
029, 52 N  094, 60 S  
083, 66 S  087, 58 S  
111, 54 S 092, 69 S  
090, 67 S  107, 38 S  
084, 35 S  087, 54 S  
086, 59 S  097, 61 S  
106, 40 S  124, 35 S  
137, 50 S  098, 40 S 
287, 36 S  277, 54 S  
234, 61 S  245, 65 S  
285, 53 S  266, 59 S 
237, 46 S  235, 44 S  
261, 30 S 
See tape 3  
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Tape 3 061, 19 NW Imb 
082, 32 N  075, 34 N  
063, 43 N  048, 49 N  
053, 60 N  066, 62 N  
072, 58 N  058, 36 N  
057, 48 N  064, 38 N  
078, 61 N  083, 62 N  
081, 56 N  086, 48 N  
090, 38 N  084, 42 N  
064, 40 S  281, 56 N  
244, 41 N  289, 50 N  
266, 65 N  089, 66 N  
098, 69 N  065, 34 N  
244, 32 N  088, 69 N  
087, 63 N  124, 54 S  
126, 40 S  121, 36 S  
076, 52 S  084, 57 S  
079, 38 S  069, 52 S  
074, 36 S 
Gcm, pebble to cobble, well 
rounded, fe sa lenses, tan, imb 
to s/se 
Measured Section 9, Tape 
1 028, 25 NW   
  
Gcm, pebble to boulder, 
angular, bases of beds have 
predominantly gravel sized 
material and more matrix, 
massive beds, scour?, imb not 
visible, red matrix, beds appx. 
1-2 m thick 
Tape 2 194, 24 NW     
similar to tape 1, predominantly 
carbonate clasts 
Tape 3   115, 32 N? Imb??????? 
241, 19 S  234, 29 S  
179, 20 E  216, 16 S   
214, 24 S  280, 44 S  
202, 13 S  355, 9 E  
116, 37 S  275, 4 S  
245, 20 S 
overall finer cong (cobble), 
pebbles to small cobble, few 
boulders 
Tape 4 124, 35 NE   
  
much gravel, cobbles, couple 
boulders, red matrix, finer clast 
sizes 
Station 56 066, 24 NW   
  
Gcm, pebble and cobble, 
orange, sandy silt matrix, 
angular to sub-rounded, poor 
imb, .25-.5 m thick beds 
Station 57 166, 34 E Imb 
139, 42 S  135, 31 S  
082, 16 S  080, 36 S  
097, 21 S  092, 66 S  
096, 74 S  097, 48 S  
104, 36 S  109, 42 S  
115, 31 S  112, 33 S  
118, 21 S  106, 36 S  
082, 19 S  124, 44 S  
127, 43 S  097, 30 S  
090, 21 S  121, 22 S  
091, 23 S  131, 35 S  
131, 13 S  102, 34 S  
105, 33 S  134, 34 S  
123, 21 S  169, 33 
W  122, 11 S  114, 
10 S  082, 54 S  
176, 47 W  124, 30 
S  094, 26 S  092, 
25 S  103, 38 S  
116, 43 S  117, 22 S  
120, 39 S 
  
Station 58 025, 19 NW         018, 23 NW   
  
Gcm, cobble to boulder, red 
matrix, poor imb, angular to sub 
rounded, 5-10 cm thick red 
sandy silt beds,  
Station 59         
Station 60 049, 18 NW Imb 
269, 41 S  321, 32 S  
276, 26 S  216, 46 S  
242, 27 S  249, 31 S  
232, 40 S  262, 43 S  
244, 33 S 
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Station 61 055, 19 NW Imb 
112, 57 S  114, 52 S  
094, 32 S  101, 52 S  
114, 46 S  107, 59 S  
102, 52 S  116, 48 S  
127, 54 S 109, 45 S  
089, 58 S  091, 45 S  
111, 64 S  136, 68 S  
137, 53 S  128, 45 S  
122, 44 S  134, 66 S  
116, 46 S  113, 44 S  
122, 30 S  125, 46 S 
107, 52 S  104, 51 S 
106, 58 S  118, 33 S  
124, 56 S  107, 61 S  
110, 65 S  122, 39 S  
098, 46 S  105, 36 S  
108, 29 S  118, 44 S  
106, 36 S  114, 28 S  
127, 45 S  128, 55 S  
127, 43 S  124, 54 S  
124, 44 S  106, 55 S  
124, 20 S 119, 34 S  
100, 34 S 
Gcm, cobble to boulder, imb to 
N, reddish matrix, few sa 
lenses 
Measured section 10, Tape 
1  
086, 19 N           
104, 20 N Imb 
050, 21 S  062, 22 S  
071, 29 S  065, 17 S  
071, 39 S  074, 42 S  
063, 52 S  064, 46 S  
058, 34 S  063, 49 S  
060, 22 S  074, 51 S  
084, 24 S  076, 40 S  
078, 41 S 
Gcm, pebble to boulder, beds 
appx 1-4 m, red silty matrix, 
angular to sub-angular, scour, 
tabular beds, few finer beds of 
lenticular pebble cong 
Tape 2 082, 21 N   
  
Gmm, pebble to cobble, few 
boulders, matrix supported, 
overlain by unknown volcanic, 
highly fractured and brecciated, 
interbedded with a fine 
tuffaceous??,  
Tape 3     
  
Same beds as tape 2 overlain 
by a basaltic cong, pebble to 
boulder, could either be a flow 
or a mass wasting event 
Tape 4 104, 31 N Imb 
074, 16 S  075, 22 S  
072, 29 S  070, 33 S  
052, 14 S  066, 23 S  
079, 14 S  084, 17 N  
084, 19 N  104, 12 N  
085, 19 S  089, 20 S  
093, 30 S  089, 19 S  
076, 38 S  092, 25 S 
Gcm, few boulders, pebble to 
cobble, angular to sub-angular 
Tape 5 105, 24 N   
  
Gcm from previous tape 
overlain by appx 2m thick 
package of tna/gry ss with 
gravel lag, scoured at top by 
Gcm, sub-angular to rounded, 
fining upward cong 
Tape 6 113, 22 NE Imb 
097, 28 S  155, 12 
NE  181, 13 NE  
182, 11 NE  183, 13 
E  165, 14 E  085, 
19 S  070, 11 S  
078, 25 E  122, 9 N  
110, 11 N  252, 7 S  
233, 24 S  341, 46 
SW  234, 17 W  132, 
4 S  199, 55 S  232, 
53 S  262, 40 S  
072, 26 N  070, 13 N  
051, 12 N  229, 29 S  
205, 29 S  207, 32 S  
Gcm, beds 2-3 m thick, fine 
upward, thin bed of sa/mud at 
top, mud black in color, imb pri 
to N  angular to sub-rounded 
Tape 7 (cover)         
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Tape 8 136, 23 NE Imb 
030, 20 SE  056, 9 S  
071, 7 S  065, 17 S  
075, 26 S  057, 6 S  
072, 11 N  272, 33 S  
235, 28 S  234, 29 S  
232, 33 S  322, 33 S  
309, 35 S  291, 44 S  
287, 10 S  247, 19 S  
306, 17 S  235, 25 S   
268, 25 S  249, 21 S  
321, 34 S  271, 31S  
096, 26 S  092, 35 S  
228, 19 S  252, 24 S  
334, 28 SW 
Gcm, boulder cong, same as 
tape 6 except bedding is more 
difficult to define, very 
disordered, angular to 
subrounded 
Tape 9 (cover)         
Tape 10 (cover)         
Tape 11 (cover)         
Tape 12 (cover)         
Tape 13 (cover)         
Tape 14 117, 23 NE Imb 
231, 30 S  209, 29 S  
271, 24 S  295, 33 S  
287, 28 S  274, 24 S  
283, 49 S  273, 34 S  
272, 19 S  275, 13 S  
278, 16 S  285, 41 S  
277, 35 S  319, 41 S  
321, 30 S  296, 30 S  
298, 25 S  161, 49 
W  146, 50 S  149, 
65 S 
Gcm, pebble to boulder, ls 
clasts, finer units of ca 
sa/pebble cong interbedded,  
Tape 15 127, 26 NE Imb 
269, 49 N  262, 35 N  
269, 52 N 274, 38 S  
084, 52 S  081, 49 S 
Gcm , pebble to cobble, few 
boulders, poor imb,  
Station 62 136, 18 NE   
  
Gcm, pebble to cobble, few 
boulders, red orange matrix, 
angular to rounded, waterlain 
Station 63 192, 20 NE Imb 
269, 20 S  278, 29 S  
262, 7 S  295, 11 S  
310, 22 S  255, 20 S  
273, 42 S  245, 22 S  
152, 52 S  279, 43 S  
293, 40 S 
Gcm, pebble to boulder, 
subangular to rounded, tan 
matrix, few organic drapes, 
poor imb 
Station 64 148, 13 N Imb 
045, 46 SE  016, 47 
E  018, 34 E  042, 
42 E  065, 25 S  
063, 46 S  034, 34 S  
022, 29 E  081, 24 S  
120, 52 S  122, 36 S  
112, 54 S  104, 47 S  
293, 65 S  255, 39 S  
273, 30 S  230, 42 S  
197, 63 S  265, 48 S  
209, 56 E  190, 65 E  
203, 32 E  216, 36 E  
224, 40 E  218, 44 E  
222, 28 E  227, 31 E  
214, 48 E  220, 40 E  
221, 30 E  201, 40 E  
211, 32 E  233, 40 E  
292, 46 S  271, 51 S  
242, 33 S  251, 39 S  
255, 31 S  257, 30 S  
Gcm w/ fi sa lenses, most 
cobble cong, few thin drapes of 
dark gry mud, waterlain 
Station 65       
int felsic vol rx, glass, 40 X 15 
m outcrop 
Station 66       
rhyolite "neck" pink in color, 
nice qtz 
Station 67     
  
silicified vol, altered to chert, 
highly fractured, poor for 
geochem 
Station 68       
outcrop of similar rock to 
station 67, altered rhyolite 
Station 69     
  
outcrop of felsic/intermediate, 
columnar jointing, high in K-
spar grains 
Station 70       
quarry, felsic to int vol, large k-
spar, few qtz 
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Measured Section 11, 
Tape 1 302, 19 N     
gry ms, thin lenses of med ss, 
much organics, muds 
laminated 
Tape 2 309, 25 N Imb 
072, 44 S  079, 34 S  
096, 46 S  083, 32 S  
097, 46 S  088, 34 S  
086, 27 S  101, 44 S  
087, 51 S  077, 42 S  
083, 26 S  079, 33 S  
086, 62 S  082, 41 S  
079, 26 S  069, 40 S  
073, 42 S  077, 29 S  
030, 56 E  035, 61 E  
004, 53 E  000, 31 E  
005, 46 S  177, 33 E  
179, 36 E  175, 24 E  
198, 65 E  216, 37 S  
215, 33 S  221, 48 S  
213, 47 E  207, 35 E  
233, 55 S  239, 39 S  
242, 52 S  229, 60 S  
202, 31 E  232, 38 E  
212, 45 E  235, 32 E  
192, 41 E  206, 40 E  
211, 47 E  204, 42 E  
240, 53 E  209, 45 E  
204, 51 E  234, 53 E  
215, 29 E  202, 23 E  
192, 25 E  243, 33 E  
247, 27 E  279, 43 S  
246, 72 S  141, 49 E  
159, 47 E  235, 37 s  
165, 39 E  158, 23 E  
195, 41 E  203, 40 E  
195, 29 E  180, 41 E  
200, 35 E  181, 40 E  
234, 44 SE  187, 29 
E 254, 28 S  206, 24 
E  212, 27 E 
lenticular gry ss bed, med-ca 
sa, overlain by ca ss, tan, mud 
ripups, erosive base, overlain 
by Gcm, tan, pebble, few 
cobbles, strongly imb, well 
rounded to rounded 
Tape 3     
201, 22 E  222, 24 E  
225, 41 E  237, 33 E  
214, 46 E  191, 16 E  
199, 13 E  193, 30 E  
179, 46 E  172, 40 E 
ss, ca, tan, v friable, erosive 
bases, overlain by Gcm, well 
cemented, tan, poor imb, 
erosive bases, overlain by gry 
mudstone, overlain by, Gcm, 
pebble to cobble, poor imb 
Tape 4 312, 20 N Imb 
043, 40 S  065, 37 S  
024, 31 S  028, 39 S  
054, 35 S  028, 42 S  
025, 43 S  017, 22 E  
033, 46 S  052, 46 S  
038, 60 S  054, 38 S  
166, 44 E  182, 57 E  
179, 24 E  180, 34 E  
166, 41 E  168, 34 E  
164, 56 E  165, 44 E  
145, 32 E  157, 34 E 
same cong as previous tape, 
overlain by ca ss, tan, gravel 
lag, massive lent beds 
Station 71       int or mafic vol 
Station 72       
int to mafic red vol rock, many 
portions are vesicular 
Station 73       rhyolite, rusted feldspars,  
Station 74       rhyolite, large feldspar, v fresh 
Station 75       rhyolite @ quarry 
Station 76 258, 17 S   
  
interbedded tan ca ss and gry 
ms, few poorly preserved 
xbeds, ca lag, beds .5-3m thick, 
erosive bases on ss 
Station 77   Sta 273, 12 W  264, 10 
W  285, 6 W 
interbedded red ms and ca 
lenticular sa, Gcm, pebble, 
erosive base, 2-3 m thick, 
rounded clasts, poor imb,  
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Station 78 054, 6 SE Imb 
358, 27 W  359, 38 
W  191, 30 W  348, 
55 W  355, 41 W  
353, 53 W 162, 66 
W  197, 41 W  003, 
37 W  231, 32 W  
350, 39 W  355, 54 
W  354, 41 W  008, 
22 W  004, 25 W  
002, 28 W  354, 29 
W 138, 24 W  144, 
46 W  137, 54 W  
164, 43 W  161, 40 
W  169, 46 W  164, 
36 W  172, 24 W  
159, 32 W  168, 34 
W  165, 45 W  156, 
66 W  149, 39 W  
137, 34 W  157, 36 
W  146, 31 W  163, 
24 W  199, 54 W  
205, 55 W  200, 46 
W  189, 54 W  201, 
44 W  213, 32 W  
171, 32 W 
  
Station 79 291, 12 S Imb 
196, 47 W  195, 44 
W  182, 26 W  172, 
44 W  156, 29 W  
158, 49 W  169, 46 
W  154, 36 W  162, 
39 W  168, 30 W  
194, 67 W  183, 53 
W  153, 53 W  179, 
48 W 201, 62 W  
136, 66 W  116, 48 
W  121, 62 W  112, 
66 W  118, 40 W 
Gcm, pebble to cobble, sub-
angular to rounded, waterlain, 
sandy mud matrix, red in color, 
imb to N/NE 
Station 80         
Station 81 280, 7 S     
int ss and ms, red ms, white ss, 
lacustrine, med ss 
Station 82 116, 20 N Imb 
070, 73 S  070, 47 S  
069, 59 S  040, 60 S  
041, 54 S  044, 46 S  
060, 49 S  055, 44 S  
066, 52 S  071, 44 S  
066, 63 S  059, 44 S  
053, 62 S  062, 56 S  
048, 60 S  055, 56 S  
057, 64 S  359, 60 E  
357, 40 E  033, 51 S  
031, 60 S  034, 41 S  
033, 34 S  030, 56 S  
041, 41 S  046, 36 S  
016, 45 E  014, 61 E  
020, 64 E 
Gcm, red cong, sandy mud 
matrix, pebble to large 
boulders, angular to 
subrounded, imb to NW, few fi 
sa lenses 
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Station 83   Imb 
070, 54 S  074, 47 S  
058, 51 S  045, 21 S  
048, 35 S  261, 64 S  
243, 61 S  257, 47 S  
243, 68 S  232, 25 S  
234, 19 S  225, 52 S  
285, 44 S  280, 31 S  
282, 28 S  211, 32 S  
201, 52 SE  239, 38 
SE  281, 32 S  289, 
40 S  275, 58 S  
283, 53 S  249, 52 S  
204, 32 E  217, 44 E  
255, 39 E  235, 28 S  
273, 31 S  249, 31 S  
250, 37 S 265, 25 S  
267, 35 S 246, 21 S  
272, 28 S  244, 36 S   
257, 21 S  177, 44 E  
192, 52 E  204, 33 E  
254, 64 S  232, 39 S  
208, 50 E  206, 34 E  
192, 37 E  213, 59 E 
Gcm, pebble to boulder, red 
matrix, few lenses of sm 
pebbles, ca sa, subangular to 
rounded, waterlain, imb to 
N/NW 
Station 84     
  
exposure of basin bounding 
fault, hw is red massive ang 
cong, fault orientation 223, 52 
NW 
Station 85 149, 4 N   
  
interbedded ca sa and red ms, 
thin sa beds appx 5-20 cm 
thick, discontinous, lenticular, 
poor outcrop 
Station 86 275, 11 N       
Station 87 158, 20 N   
  
lacustrine deposits, int white ca 
ss, gravel beds, and red to gry 
ms, sub-angular to rounded, 
erosive bases of sa into ms 
Station 88 175, 24 N Imb 
287, 31 N  276, 23 N  
261, 40 N  236, 41 N  
216, 46 N  221, 40 N  
235, 41 N  271, 52 N  
283, 44 N  269, 56 N  
242, 53 N  043, 57 N  
244, 46 N  268, 40 N  
262, 45 N  259, 60 N  
237, 38 N  086, 67 N  
265, 47 N  271, 44 N  
251, 35 N  242, 60 N  
247, 54 N  215, 30 N  
209, 38 N 
Gcm, angular, pebble to 
cobble, few boulders, highly 
fractured, appx 50m from range 
bounding fault 
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Station 89 084, 16 S Imb 
005, 72 W  014, 64 
W  346, 62 W  147, 
50 S  154, 31 S  
115, 32 S  209, 42 
W  176, 37 W  161, 
75 W  201, 53 W  
196, 52 W  174, 53 
W 189, 37 W  195, 
50 W  150, 56 W  
178, 41 W  147, 51 
W  186, 25 W  174, 
44 W  162, 32 W  
148, 42 W  139, 68 
S  142, 44 S  109, 
34 S  339, 32 W  
299, 43 W  099, 33 
S  332, 33 W  324, 
42 W  304, 38 S  
291, 39 S  292, 15 S  
124, 29 S  128, 20 S  
137, 19 S  356, 25 
W  145, 52 W  328, 
42 W  357, 36 W  
321, 43 W  314, 24 
W  149, 46 S  177, 
37 W  162, 38 W  
166, 61 W  154, 64 
W  189, 70 W  128, 
34 S  139, 37 S  
092, 32 S  018, 40 
W  146, 48 W  190, 
44 W  177, 47 W 
120, 60 S  121, 58 S  
109, 54 S 
Gcm, red, pebble to cobble, 
well sorted/uniform, rounded, 
imb, north/east, waterlain 
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Station 90 176, 17 W Imb 
075, 53 N  062, 51 N  
076, 42 N  069, 55 N  
068, 49 N  061, 75 N  
055, 50 N  058, 49 N  
055, 64 N  058, 54 N  
053, 64 N  074, 48 N  
076, 65 N  082, 72 N  
083, 48 N  072, 63 N  
086, 72 N  079, 55 N  
068, 71 N  071, 62 N  
049, 50 N  059, 50 N  
068, 56 N  052, 62 N  
049, 66 N  046, 66 N  
049, 54 N  062, 58 N  
082, 59 N  066, 51 N  
106, 49 N  073, 64 N  
081, 67 N  062, 30 N  
054, 46 N  062, 56 N  
049, 68 N  079, 51 N  
057, 61 N  047, 51 N  
060, 63 N  065, 56 N  
079, 36 N  064, 54 N  
065, 53 N  075, 46 N  
075, 51 N  089, 57 N  
055, 66 N  095, 81 N  
056, 71 N  058, 71 N 
048, 70 N  209, 50 
W  221, 74 W  232, 
75 W  071, 24 W  
272, 58 N  257, 49 N  
225, 28 N  214, 21 N  
239, 42 N  195, 45 N  
242, 54 N  206, 29 N  
269, 19 N  259, 54 N  
252, 56 N  206, 56 
W  174, 28 W  232, 
27 N  208, 33 W  
265, 57 N  257, 48 N  
214, 36 N  248, 39 N  
166, 47 N  238, 78 N  
251, 65 N  237, 50 N  
238, 54 N  196, 51 
W  204, 42 W  192, 
33 W  178, 40 W  
214, 48 W  215, 51 
W  208, 43 W  228, 
38 W  230, 26 N  
211, 41 W  173, 42 
W  179, 29 W  241, 
59 N  212, 27 W  
241, 71 N 196, 62 W  
244, 62 W  247, 64 
N  258, 47 N  252, 
54 N 
Gcm, fines upward from 
boulder to pebble cong, well 
rounded, well imb, waterlain, 
imb S/SE 
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Station 91 156, 14 E Imb 
120, 39 SW  270, 49 
SW  118, 30 SW  
112, 37 SW  118, 65 
SW  103, 46 SW  
106, 57 SW  121, 57 
SW  114, 66 SW  
111, 38 SW  101, 41 
NW  358, 24 W  356, 
21 W  172, 32 W  
147, 44 W  136, 22 
W  128, 39 W  133, 
72 W  124, 63 W  
125, 24 W  139, 35 
W  136, 65 W  134, 
36 W  136, 38 W  
138, 40 W  130, 60 
W  129, 41 W  132, 
39 W  112, 21 W  
145, 20 W  009, 25 
W  147, 19 S  149, 
41 S  153, 40 S  
110, 29 S 114, 38 S  
150, 28 W  151, 22 
W 
Gcm, pebble cong, few 
cobbles, white, well rounded, 
imb to N/NE waterlain, 
lenticular ss beds, appx. .5 m 
thick,  
Station 92       felsic to int vol 
Station 93       felsic to int vol 
Station 94       felsic, tuff and rhyolite,  
Station 95       
felsic volcanics, too poor cond 
for sample 
Station 96      
  
vol breccia, felsic vol/tuff, v 
angular, pebble to cobble, clast 
supp, massive, "bottom of 
sequence C" 
Station 97       
int vol agglom, clayey, red in 
color, discontinous 
Station 98       
outcrop of ss (recycled tuff?), 
tree fossils, ash? 
Station 99       
basalt outcrop, mapped as late 
J/K, overlies surr topo,  
Station 100 177, 20 W Imb 
076, 23 S  040, 15 S  
092, 14 S  102, 69 S  
117, 43 S  106, 51 S  
056, 43 S  043, 49 S  
073, 42 S  197, 28 E  
188, 41 E  064, 51 S  
198, 26 E  034, 29 E  
Gmm, overlain by Gcm, imb to 
N/NW, Gmm all volcanic, 
rounded to well rounded 
Station 101 046, 24 N     
reworked tufff/ss, above cong 
@ stat 100, bedded, ca grains,  
Station 102 173, 18 W Imb 
206, 21 W  215, 24 
W  208, 34 W  198, 
42 W  192, 56 W  
216, 39 W  197, 28 
W  176, 35 W  221, 
36 W  225, 37 W  
193, 32 W  196, 48 
W  177, 24 W  186, 
54 W  205, 51 W  
206, 45 W 
int Gcm and med/ca ss, cobble 
cong, subrounded to rounded, 
scoured bases, waterlain, 
appear tabular, .5-1.5 m appx 
bed thickness, med/ca sa, v 
fractured, v friable, red and 
white, scoured by cong, well 
sorted 
Station 103 166, 21 W Imb 
117, 42 SW  121, 53 
S  123, 52 S  127, 
47 S  145, 43 S  
122, 54 S  148, 39 S  
135, 40 S  129, 53 S  
138, 44 S  139, 57 S  
similar to stat 102, beds appx 
1-3m thick, harder to discern, 
scour at base, SE/NE Imb 
Station 104 149, 17 SW   
  
Gcm, angular to subangular, 
pebble to boulder, cobble cong, 
close to low angle n fault, 
sandy/muddy matrix, 
orange/red, waterlain 
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Station 105 120, 25 SW Imb 
144, 74 SW  132, 71 
SW  159, 66 SW  
144, 75 SW  148, 71 
SW  138, 73 SW  
140, 60 SW  102, 55 
S  104, 58 S  107, 
37 S  105, 35 S  
134, 62 W  132, 51 
W  143, 56 W  142, 
49 W  135, 72 W  
123, 83 W  112, 81 
W  143, 78 W  141, 
86 W  136, 60 W  
129, 68 W 
Gcm, angular, tan, imb to 
E/NE, few rounded, .5-1.5 m 
appx bed thickness, waterlain, 
int w/ ss, med, brn/tan, pebble 
lag, highly friable, too poor to 
sample 
Station 106 244, 26 NW Imb  
173, 64 W  175, 59 
W  162, 54 W  173, 
62 W  178, 47 W  
175, 45 W  163, 60 
W  347, 43 W  138, 
52 W  179, 50 W  
150, 25 W  177, 53 
W  152, 49 W  127, 
54 W  030, 56 W  
209, 51 W  224, 40 
W  154, 67 W  152, 
59 W  180, 64 W  
139, 34 W 
Gcm. Rounded to subrounded, 
pebble to boulder, imb to E,  
Station 107   Imb 
356, 52 W  351, 45 
W  350, 55 W  352, 
52 W  012, 59 W  
002, 54 W  356, 65 
W  334, 58 W  330, 
55 W  345, 59 W  
340, 46 W  344, 56 
W  161, 69 W  158, 
58 W  185, 55 W  
186, 52 W  183, 49 
W  195, 48 W  185, 
56 W  177, 36 W  
225, 28 W  184, 35 
W  242, 46 N  241, 
45 N  282, 28 N  
269, 37 N 
Gcm, tan, few sa lenses, 
pebble to cobble, v few 
boulders, rounded to well 
rounded, int w/ss, brn/tan, 
scour by overlying cong, cobble 
gravel lags 
Station 108       
granite, weathered badly, white 
granite, fine grained 
Station 109 210, 8 NW     
int ss, tan, few poor x-beds, 
well sorted, and tuff, v fi,  
Station 110     
  
fault w/archean/proterozioc 
rock in FW, ss above, 
brecciated area In FW 50+ m 
thick, attitude, 336, 55 NW, 
unknown offset 
Station 111 230, 31 SE Imb 
169, 59 E  148, 58 E  
131, 56 E  143, 40 E  
151, 54 E  156, 32 E  
174, 73 E  191, 52 E  
207, 72 E  182, 74 E  
025, 50 S  029, 57 S  
018, 76 S  128, 62 
W  124, 58 W  132, 
61 W  133, 44 W  
136, 49 W  136, 63 
W  118, 38 W  116, 
55 W  122, 41 W  
124, 39 W  140, 44 
W  113, 46 W  118, 
47 W  124, 70 W  
136, 46 W  133, 41 
W  158, 48 W  145, 
36 W 
very similar to basalt @ section 
4, basalt shares "pillow 
structure", appx 30 m of 
exposed cobble to boulder 
cong, scoured bases, rounded,  
Station 112 063, 30 N   
  
med-ca ss, tan, beds appx 15-
25 cm thick, fault encoundered, 
offset unknown, ss/ms tan in 
FW, basalt in HW, orientation 
191, 60 E 
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Station 113 157, 26 E Imb 
091, 47 N  064, 45 N  
095, 32 N  072, 20 N  
091, 56 N  103, 50 N  
059, 31 N  050, 28 N  
064, 34 N  067, 65 N 
normal fault, unknown offset, 
012, 58 E attitude, places 
ss/cong under cong, highly 
brecciated, ss, tan to red, 
coarse to med, 1-3 m thick 
beds appx, few cobble and 
boulder lag 
Station 114     
  
possible fault or unconformity, 
onlapping relationship of Gcm 
and basalt 
Station 115 006, 22 E Imb 
076, 58 S  071, 56 S  
074, 75 S  076, 51 S  
058, 45 S  071, 62 S  
055, 56 S  045, 50 S  
040, 42 N  032, 40 N  
082, 60 N  035, 62 N  
070, 38 N 
Gcm w/ int ss beds, overlies 
previously mentioned basalt 
contact, cong white, poor imb, 
mult dir viewed, pebble to 
boulder, rounded to well 
rounded, waterlain 
Station 116 348, 11 E   
  
int ss and cong, organically rich 
beds int appx 5 cm thick, close 
to stat 115 
Station 117     
  
still don’t know if this contact 
represents fault bet cong and 
basalt or not, seen in other 
gullys 
Station 118       
cong overlies basalt but contact 
is covered in this gully 
Station 119 273, 13 NE Imb 
061, 48 N  083, 55 N  
235, 29 N  177, 45 N  
260, 63 N  212, 27 N  
205, 35 N  222, 31 N  
278, 57 N  062, 52 N  
113, 29 N  234, 48 N 
252, 72 N  185, 59 N  
194, 49 N  234, 33 N  
082, 34 N  191, 16 N  
231, 59 N  056, 45 N  
256, 34 N  229, 64 N  
024, 52 N  055, 30 N  
098, 56 N  060, 42 N  
046, 52 N  197, 46 N  
069, 49 N  221, 49 S  
209, 47 N  196, 56 N  
212, 68 N  299, 65 N  
263, 29 N  199, 26 N  
291, 40 N 
cobble sized cong, int ss 
lenses, clast supp 
Station 120 275, 29 S Imb 
212, 40 NW  215, 31 
NW  181, 50 W  211, 
35 W  224, 47 W  
242, 35 NW  051, 58 
S  084, 62 S 066, 52 
S  184, 67 W  196, 
60 W  186, 49 W  
042, 52 NW  064, 38 
NW  055, 47 NW  
053, 44 NW 
Gcm, pebble to cobble, well 
rounded to sub rounded, clast 
supp, sist dk red, few sa grains 
Station 121  341, 12 E Imb 
206, 36 NW  062, 42 
NW  208, 40 NW  
085, 35 NW  059, 43 
NW  216, 53 NW  
241, 57 NW  247, 68 
NW  251, 66 NW  
246, 51 NW  252, 49 
NW  076, 67 NW  
061, 66 NW  232, 
401 NW  178, 32 W  
205, 34 W  154, 40 
W  149, 52 W  126, 
59 W  
  
Station 122          
Station 123 082, 14 NW Imb 
168, 42 E  205, 41 E  
240, 61 E  214, 37 
SE  238, 51 S  210, 
48 SE  204, 41 SE  
201, 51 SE  178, 44 
E  136, 29 E 
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Station 124 081, 18 N Imb 
078, 32 S  076, 51 S  
109, 24 S  110, 51 S  
132, 50 S  129, 49 S 
  
Station 125 (Qal?????)         
Station 126 147, 14 S Stl 
249, 12 N  231, 31 N  
233, 24 N  247, 22 N  
232, 21 N  252, 19 N  
252, 14 N  281, 18 N  
104, 14 N  231, 13 N  
209, 24 N  228, 10 N  
240, 12 N  269, 18 N  
274, 21 N  296, 22 N  
260, 15 N  299, 15 N  
272, 23 N  284, 17 N  
257, 23 N  251, 12 S  
195, 20 S  200, 16 S  
194, 21 S  228, 15 S  
196, 23 S  242, 24 S  
259, 22 S  227, 14 S  
267, 17 S  277, 16 S  
235, 25 S  212, 25 S  
215, 20 S, 207, 12 S  
194, 15 S  214, 18 S  
198, 15 S  214, 25 S  
206, 17 S 
  
Station 127 292, 11 N Imb 
225, 33 S  237, 70 S  
224, 72 S  248, 51 S  
270, 36 S  254, 29 S  
198, 39 S  245, 28 S  
271, 51 S  226, 57 S  
237, 47 S  223, 41 S  
267, 48 S  190, 19 E  
194, 22 E  196, 22 E  
198, 33 E  189, 40 E  
214, 50 E 169, 40 E  
228, 37 S  249, 29 S  
236, 30 S  224, 72 S  
227, 62 S  234, 58 S  
228, 51 S  231, 39 S  
241, 42 S  240, 43 S  
247, 32 S  244, 69 S  
272, 43 S  278, 54 S  
282, 53 S  276, 55 S  
291, 45 S  287, 68 S  
264, 62 S  266, 44 S  
227, 43 S  221, 27 S  
237, 50 S  281, 65 S  
273, 52 S  271, 50 S  
236, 35 S  233, 40 S  
251, 60 S 
  
Station 128 264, 13 N Imb 
057, 53 S  053, 50 S  
069, 52 S  064, 39 S  
049, 44 S  057, 56 S  
052, 46 S  039, 60 S  
047, 54 S  072, 59 S  
081, 35 S  091, 74 S  
124, 15 S  129, 11 S  
133, 24 S  104, 61 S  
099, 52 S  105, 58 S  
106, 44 S  103, 47 S 
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List of measured section and station data including hand sample identification, lithology, 
ten largest clasts (in conglomeratic outcrops) and average size of 10 largest clasts.    
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STATION OR 
SECTION/TAPE 
NUMBER 
SAMPLE 
NUMBER 
LITHOLOGY 
(TEST TYPE) MAXIMUM CLAST SIZE (cm) 
AVG MAX 
CLAST (cm) 
Measured Section 1, 
Tape 1     13, 25, 16, 18, 20, 22, 18, 21, 16 ,24 19.3 
Tape 2 04 CF-05 ms (pollen)     
Tape 4 04 CF-06 ss (ts)     
Tape 5  
04 CF-07         
04 CF-08 
ms (pollen)     
ss(ts) 27, 25, 18, 22, 32, 19, 20, 21, 36, 29 24.9 
Station 3     20, 21, 17, 19, 21, 14 ,19, 16, 23, 17 18.7 
Station 5 04 CF-10 
clast from cong 
(NA) 
24, 21, 19, 17, 16, 15, 19, 14, 16, 18, 18, 
17 17.83 
Measured Section 2, 
Tape 1     40, 63, 52, 31, 28, 33, 45, 34, 27, 33, 37 38.45 
Tape 2 
04 CF 11         
04 CF 12         
04 CF 13 
ms (pollen)         
cl/ms (pollen)       
ss (ts)     
Tape 5      32, 20, 26, 33, 21, 29, 25, 35, 22, 22, 27 26.54 
Tape 7 04 CF 14 ms (pollen)     
Tape 8     88,47,40,32,33,41,25,34,30,31,43 40.36 
Tape 12 04 CF 15 ss (ts)     
Tape 13     102, 97, 35, 42, 30, 38, 36, 32, 30, 51 49.3 
Tape 18     47, 79, 30, 57, 24, 36, 95, 40, 40, 32 48 
Station 6     40, 13, 13, 17, 16, 17, 16, 15, 18, 17 18.2 
Station 7 04 CF 16 ss (ts) 49, 33, 40, 22, 18, 24, 20, 22, 32,36 29.6 
Station 8  04 CF 17         04 CF 18 
welded tuff (ID)   
ss(ts) 77, 28, 39, 28, 30, 31, 24, 26, 24, 36, 27 33.64 
Station 9     22, 21, 30, 27, 31, 56, 38, 48, 34, 60 36.7 
Station 10     65, 40, 37, 30, 23, 31, 24, 50, 36, 40 37.6 
Station 11      48, 43, 52, 49, 42, 34, 37, 29, 27, 30 39.1 
Station 12 04 CF 19 ss (ts)     
Station 13 04 CF 20 ms/gry tuff clast 20, 21, 24,42, 44, 44, 60, 50, 30, 28 36.3 
Station 14     80, 20, 30, 32, 32, 38, 34, 28, 27, 24 34.5 
Station 15 04 CF 21 ss (ts)     
Measured Section 3,   
Tape 1 04 CF 22  ss (ts)     
Tape 3 04 CF 23 ms (pollen)     
Tape 4 04 CF 24 ss (ts)     
Tape 8 04 CF 25 ms (pollen)     
Tape 9     61, 51, 48, 56, 32, 41, 37, 42, 41, 49 45.8 
Tape 10 04 CF 26 ss (ts)     
Tape 11 04 CF 27 ss (ts)     
Tape 15 04 CF 28 Tuff?? 80, 70, 33, 45, 52, 23, 24, 25, 19, 21 39.2 
Tape 18 04 CF 29 Tuff??     
Tape 19     20, 19, 17, 16, 13, 29, 33, 26, 21, 31 22.5 
Measured Section 4, 
Tape 1         
Tape 2     115, 60, 58, 52, 47, 38, 43, 56, 43, 62 57.4 
Tape 3 (cover)         
Tape 18 04 CF 32         04 CF 33 
ss (ts)            
ms (pollen)     
Tape 25 04 CF 34 ss (ts)     
Tape 32     
5, 5, 8, 9, 10, 7, 5, 7, 14, 7     ms ripups 
45, 38, 42, 80, 73, 79, 74, 40, 30 
7.7               
50.1 
Tape 38 04 CF 35         04 CF 36 
ms (pollen)         
ss (ts)     
Tape 40     11, 9, 7, 8, 12, 7, 10, 11, 12, 13 10 
Tape 49     12, 4, 7, 6, 13, 8, 8, 7, 12, 10, 9 8.73 
Tape 50 04 CF 37 ms (pollen)     
Tape 52 04 CF 38 sisa (vitrinite)     
Tape 54 04 CF 39 ss (ts)     
Tape 55 04 CF 40 basalt (geochem)     
Tape 58 04 CF 41 vol (geochem)     
Tape 63          (mostly 
covered) 04 CF 42 ms (pollen)     
Tape 65  04 CF 43 vol (geochem)     
Tape 68     
47, 33, 30, 29, 28, 35, 37, 26, 18, 31, 145, 
65, 77, 75 48.29 
Tape 70 04 CF 44         04 CF 45 
vol (geochem)     
vol (geochem) 34, 39, 37, 23, 34, 46, 19, 28, 34, 21 31.5 
Tape 71 04 CF 45?? vol (geochem)     
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Tape 73 04 CF 46 vol (geochem)     
Station 16 
04 CF 47          
04 CF 48         
04 CF 49          
04 CF 50          
04 CF 51          
04CF 52 
ms (pollen)         
fish               
fish               
bee?             
Shell              
ss (ts)     
Station 17     43, 41, 70, 62, 29, 59, 41, 28, 59, 64 49.6 
Station 19     34, 36, 42, 24, 23, 34, 23, 27, 20, 21 28.4 
Station 20     13, 14, 11, 16, 12, 13, 23, 14, 9, 14 13.9 
Station 21     66, 44, 27, 26, 35, 37, 33, 44, 38, 44 39.4 
Station 22     16, 14, 14, 20, 10, 13, 14, 17, 14, 15 14.7 
Station 23 04 CF 53 ss (ts)     
Station 25 04 CF 54 ss (ts)     
Station 27     6, 7, 7, 5, 6, 5, 6, 6, 7, 4 5.9 
Measured Section 5, 
Tape 1         
Tape 4 04 CF 55 ss (ts)     
Tape 6 04 CF 56 ms (pollen)     
Tape 20 04 CF 57 ss (ts)     
Measured Section 6, 
Tape 1 04 CF 58 coal (vit)     
Tape 3 04 CF 59 coal (vit)     
Tape 7 04 CF 60 vol      
Tape 12 04 CF 61 ss (ts)     
Tape 15 04 CF 62         04 CF 63 
ss (ts)            
ms (pollen)     
Tape 18 04 CF 65 ms (pollen)     
Tape 21     29, 20, 20, 25, 17, 21, 24, 33, 19, 24 23.2 
Station 28     24, 29, 22, 18, 28, 25, 16, 15, 30, 23, 18 22.5 
Station 29 04 CF 70 
green sandy 
horizon in cong 41, 55, 43, 40, 52, 38, 62, 20, 24, 27  40.2 
Station 31     34, 43, 23, 24, 38, 62, 47, 49, 29, 16 36.5 
Station 32     52, 30, 39, 45, 40, 33, 64, 38, 42, 87 47 
Station 33     14, 13, 21, 19, 18, 15, 14, 14, 23, 19 17 
Station 35 
04 CF 71         
04 CF 72         
04 CF 73 
ss/t (age)?         
ss (ts)            
ss/si (vit) 25, 13, 27, 14, 13, 15, 27, 26, 19, 18 19.7 
Station 36     46, 25, 32, 17, 19, 17, 30, 43, 32, 27 28.8 
Station 37 04 CF 74 vol     
Station 40 
04 CF 75         
04 CF 76         
04 CF 77 
ss (ts)             
clast fel vol         
ss (ts) 32, 32, 40, 25, 25, 32, 23, 44, 32, 23 30.8 
Station 41      14, 11, 12, 13, 13, 17, 19, 15, 18, 16 14.8 
Station 42      19, 13, 14, 15, 11, 12, 17, 14, 13, 14 14.2 
Station 43 04 CF 78         04 CF 79 
ss(ts)             
ss(ts) 11, 12, 12, 11, 10, 15, 18, 13, 12, 14 12.8 
Station 44     390, 270, 24, 26, 18, 13, 14, 23, 24, 29 83.1 
Station 45 04 CF 80 vol     
Measured Section 7, 
Tape 1     25, 15, 11, 12, 10, 15, 9, 19, 17, 18 15.1 
Tape 3     42, 32, 21, 19, 24, 28, 37, 24, 21, 22 27 
Station 46 04 CF 81         04 CF 82 
ms (pollen)        
ss (ts) 22, 18, 19, 14, 16, 15, 18, 24, 18, 23 18.7 
Station 47 04 CF 83 ss (ts) 12, 15, 14, 11, 10, 12, 21, 15, 17, 15 14.2 
Station 49     13, 24, 19, 12, 27, 14, 21, 26, 19, 13 18.8 
Station 50     21, 19, 21, 19, 31, 17, 29, 15, 15, 20 20.7 
Station 51     23, 21, 13, 20, 16, 16, 23, 18, 16, 16 18.2 
Station 54     24, 20, 74, 130, 29, 32, 38, 23, 32, 24 42.6 
Station 55     31, 23, 15, 24, 18, 15, 10, 36, 54, 42 26.8 
Measured Section 8, 
Tape 1 04 CF 84 ss (ts) 21, 19, 18, 12, 13, 11, 17, 15, 20, 16 16.2 
Tape 3 04 CF 85          04 CF 86 
ss (ts)            
vol breccia sample 21, 12, 12, 14, 12, 18, 17, 15, 12, 13 14.6 
Measured Section 9, 
Tape 1     52, 28, 25, 14, 11, 21, 17, 28, 16, 20 23.2 
Tape 4     20, 15, 15, 14, 11, 30, 14, 12, 35, 38 20.4 
Station 56     18, 17, 17, 30, 12, 16, 20, 15, 19, 18 18.2 
Station 57     21, 27, 18, 74, 73, 25, 35, 40, 27, 33 37.3 
Station 58     12, 17, 20, 27, 40, 38, 38, 49, 32, 52 32.5 
Station 60     39, 29, 24, 22, 22, 34, 42, 24, 20, 18 27.4 
Station 61     60, 30, 38, 23, 31, 37, 20, 16, 18, 22 29.5 
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Measured section 10, 
Tape 1      18, 27, 16, 15, 20, 33, 26, 31, 24, 20, 32 23.8 
Tape 2 
04 CF 87          
04 CF 87A         
04 CF 88          
vol                
vol breccia          
Tuff?     
Tape 3 04 CF 89 basalt      
Tape 6 04 CF 90 ms (pollen)? 50, 31, 40, 22, 31, 33, 26, 27, 30, 43 33.3 
Tape 14     48, 46, 40, 40, 47, 51, 33, 53, 47, 27 43.2 
Station 62     38, 18, 22, 34, 26, 24, 36, 26, 21, 17, 39 30.1 
Station 63     24, 28, 16, 19, 26, 18, 16, 16, 27, 18 20.8 
Station 64 04 CF 91  ss (ts) 25, 16, 14, 13, 15, 11, 13, 11, 10, 13 14.1 
Station 65 04 CF 92         04 CF 93 
vol (geochem)     
vol (geochem)     
Station 66 04 CF 94 vol (geochem)     
Station 68 04 CF 95 vol (geochem)     
Station 69 04 CF 96 vol (geochem)     
Station 70 04 CF 97 vol (geochem)     
Measured Section 11, 
Tape 1 04 CF 98 ms (pollen)     
Tape 2 04 CF 99  ss (ts) 9, 10, 8, 6, 14, 8, 7, 7, 9, 7 8.5 
Tape 4 04 CF 100 ss (ts)     
Station 71 04 CF 101 vol (geochem)     
Station 72 04 CF 102 vol (geochem)     
Station 73 04 CF 103 vol (geochem)     
Station 74 04 CF 104 vol (geochem)     
Station 75 04 CF 105 vol (geochem)     
Station 76 04 CF 106       04 CF 107 
ss (ts)             
ms (pollen)     
Station 77 04 CF 108 ss (ts) 7, 6, 4, 4, 5, 5, 4, 6, 6, 7 5.4 
Station 78     18, 17, 15, 14, 18, 21, 14, 16, 22, 15 17 
Station 79     15, 12, 10, 11, 14, 19, 9, 11, 9, 14 12.4 
Station 81 04 CF 109 ss (ts)     
Station 82     106, 52, 39, 38, 32, 40, 53, 49, 61, 27 49.7 
Station 83     63, 24, 30, 32, 23, 119, 37, 35, 22, 31 41.6 
Station 86 04 Cf 110      04 CF 111 
ls (??)             
ss (ts)     
Station 87 04 CF 112 ss (ts)     
Station 88     33, 21, 51, 24, 21, 67, 30, 25, 59, 32 36.3 
Station 89     15, 12, 12, 11, 12, 10, 19, 9, 12, 10 12.2 
Station 90     9, 11, 12, 15, 23, 12, 15, 13, 11, 21 14.2 
Station 91     11, 12, 12, 16, 12, 12, 14, 10, 11, 16 12.6 
Station 92 04 CF 113  vol (geochem)     
Station 93 04 CF 114 vol (geochem)     
Station 94 04 CF 115      04 CF 116 vol (geochem)     
Station 98 04 CF 117 ss/tuff (ts)     
Station 99 04 CF 118 vol (geochem)     
Station 100     20, 19, 16, 23, 13, 15, 22, 21, 15, 18 18.2 
Station 101 04 CF 119 tuff      
Station 102 04 CF 120 ss (ts) 18, 17, 18, 21, 20, 29, 22, 15, 15, 14 18.9 
Station 103     20, 21, 23, 17, 17, 19, 25, 22, 16, 16 19.6 
Station 104     18, 19, 21, 23, 27, 38, 34, 21, 18, 21 24 
Station 105     17, 21, 23, 25, 16, 25, 23, 23, 26, 27, 20 22.4 
Station 106     22, 24, 14, 19, 23, 15, 13, 12, 14, 17 17.3 
Station 107 04 CF 121 ss (ts) 15, 20, 17, 14, 13, 10, 18, 16, 14, 21 15.8 
Station 109 04 CF 122      04 CF 123 
ss (ts)             
Tuff     
Station 111     24, 22, 30, 23, 25, 27, 22, 24, 21, 30 24.8 
Station 112 04 CF 124       04 CF 125 
ss (ts)             
ss (ts)     
Station 113 04 CF 126  ss (ts) 27, 23, 44, 16, 17, 25, 28, 22, 17, 20 23.9 
Station 114 04 CF 127 vol      
Station 115     10, 29, 19, 16, 31, 25, 27, 18, 19, 23, 31 22.5 
Station 116 04 CF 128 coal (vit)     
Station 119     12, 13, 13, 16, 18, 11, 10, 13, 10, 11 12.7 
Station 120     12, 10, 14, 15, 10, 14, 16, 10, 15, 13 12.9 
Station 121      17, 23, 17, 13, 12, 12, 13, 15, 14, 17 15.3 
Station 122      37, 33, 31, 26, 23, 28, 22, 24, 33, 37 29.4 
Station 123     78, 66, 29, 70, 27, 40, 24, 27, 28, 23 41.2 
Station 124     46, 33, 28, 26, 18, 27, 22, 30, 24, 21 27.5 
Station 125 (Qal?????)     102, 26, 23, 28, 25, 22, 35, 43, 24, 33 36.1 
Station 126 04 CF 108 ss (ts)     
Station 127     30, 99, 33, 30, 38, 28, 26, 26, 36, 58 40.4 
141 
 
Station 128     27, 28, 36, 31, 42, 33, 27, 27, 38, 27 31.6 
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APPENDIX D 
Apendix Explanation 
 
Clast count data for measured sections and stations describing clast type and quantity 
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APENDIX E 
Apendix Explanation 
 
Sandstone point count data from stations and measured sections. 
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APENDIX F 
Apendix Explanation 
 
Normalized XRF results from volcanic hand samples. 
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